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ABSTRACT

Comparisons were made of the production, growth, reproduction and
livability performances of purebred Holstein and crossbred dairy cattle
in the Iberia Livestock Experiment Station herd during the period 19561966.

Crossbred animals included various 2-, 3-, and 4-breed combina

tions of the Holstein, Brown Swiss, Jersey and Red Sindhi breeds, and were
divided into Holstein-sired, Brown Swiss-sired and crossbred-sired breed
groups.
For first lactation milk yield the mean deviations of crossbreds
from the age adjusted 5-month rolling herd average of contemporary purebred
Holsteins were -229, -973 and -2574 pounds for Holstein crosses, Brown
Swiss crosses and daughters by crossbred sires, respectively.

The devi

ations for purebred-sired crossbreds were significantly different
(P < 0.01) from daughters by crossbred sires, and Holstein crosses were
significantly different (P ^ 0.01) from Brown Swiss crosses .

For the

other first lactation yield traits (lb milkfat, SNF, protein, FCM, SCM)
Holstein crossbreds were superior to all other breed groups.
For first lactation milk constituents (% milkfat, SNF and protein),
each of the crossbred groups averaged approximately 0.50% more in test
than purebred Holsteins.

Differences among the crossbred groups were

significant (P ^ 0.05) in percent protein, but were not significant for
the other milk constituents.
The first lactation deviations of crossbreds from the appropriately
weighted means of the parental breeds were not different from what was
xii

expected on the basis of additive genetic variance.

Thus, there were

no significant heterotic effects from crossbreeding of the four breeds.
When second and later lactation performance was considered the
unadjusted means for all production traits were consistently higher for
the purebred-sired crossbreds than for the other breed groups.

However,

some selection bias entered into the comparisons for second and later
lactations, since more of the Brown Swiss crossbreds were culled for low
production after the first lactation as compared to Holsteins and Holstein
crossbreds.
Mean birth weights for Holsteins, Holstein crossbreds, Brown Swiss
crossbreds and daughters by crossbred sires were 79, 74, 78 and 70 pounds,
respectively.

Corresponding body weights at 6 months were 324, 314, 308

and 271 pounds, respectively; at 12 months, 523, 506, 521 and 478 pounds,
respectively; at 18 months 721, 679, 694 and 637 pounds, respectively;
and at 24 months 930, 870, 890 and 803 pounds, respectively.

The among

breed groups within year-seasons differences for body weight were highly
significant (P ^ 0.01) at all ages except 12 months, and it appeared from
the means that the significance was due primarily to differences between
Holsteins and daughters by crossbred sires.

Similar trends were noted

for six measures of skeletal growth.
The mean calving intervals for Holsteins, Holstein crossbreds,
Brown Swiss crossbreds and daughters by crossbred sires were 394, 407, 406
and 404 days, respectively.

Among breed groups, within year-seasons

differences in calving interval were significant (P <(,0.05) and appeared
to be related to differences in length of gestation.
xiii

The differences for

days open and services per conception were not significant.

Age at calv

ing was correlated ( P ^ 0 . 0 5 ) with days to first post-partum estrus, and
negatively correlated (P<. 0.01) with days to first service and days open.
Level of milk production was correlated (P < 0.05) with calving interval.
There were no significant differences between the breed groups in
over-all livability.

The principal reasons for disposal of Holsteins,

Holstein crosses, Brown Swiss crosses and daughters by crossbred sires
were breeding trouble 25.3%,, 19.77o, 14.5% and 15.770, respectively, low
production 7.6%, 3.7%, 16.7% and 31.4%, respectively; anaplasmosis 8.9%,
6.1%, 4.2% and 3.9%, respectively; and mastitis 1.3%, 7.4%, 8.3% and 2.0%,
respectively.

xiv

I.

INTRODUCTION

Low average milk yield per cow, reduced fertility, and slow
growth rates of dairy cattle have long been major problems facing
dairy farmers in the Gulf Coast region of the United States.

The

economy of production is largely dependent upon maximum performance
in these traits by individual cows.

Thus,

improvement in the inherent

ability of dairy cattle for the performance traits, as well as greater
efficiency in feeding and management are needed in this region.
It is recognized that such factors as nutrition, climate, dis
eases and parasitism play major roles in bringing about the differences
in productive performance between dairy cattle in the southern region
and other regions of the country.

Furthermore,

it is apparent that

these different factors do not work in isolation but in a complex pat
tern of conjoint operation.
Research results have pointed out genetic differences between
breeds and within breeds of cattle in their response to these complex
environmental factors.
gether genetically,

Thus, breeding procedures which will bring to

the important economic traits from different breeds

of dairy cattle need to be evaluated under conditions of the Gulf Coast
region.

In addition, further evaluation of the adaptability of the

Holstein breed to semi-tropical conditions is needed.

Initial studies (24) on improvement of dairy cattle adaptability
in Louisiana through crossbreeding of European and Zebu breeds,
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indicated that the Zebu crosses showed consistently greater physio
logical adaptability (resistance to disease and parasites and responses
to heat stress) than their European breed contemporaries.

On the other

hand, the Zebu crosses were comparatively low in performance adapta
bility (milk yield, feed efficiency and growth) and it appeared that
more progress could be made in productive performance from selective
breeding within the existing European breeds of dairy cattle than from
any program of introducing Zebu breeding.

The inferior productive per

formance of the Zebu crossbreds discouraged their further perpetuation
as such.

However, due to their greater physiological adaptability,

selected females from the Red Sindhi-Jersey crossbreds were used in the
present study as one of the foundation breed groups.
The need still exists for developing cattle with high levels of
milk production and adaptability to the Gulf Coast region.

The present

evidence does not indicate that the inherent characteristics for these
qualities are predominant in any one existing breed.

Based on the re

sults from experiments involving crossbreeding and backcrossing in
various species, such as swine, sheep, and poultry, the pooling of genes
from the several breeds of dairy cattle may offer an opportunity for
bringing together the genetic characteristics to produce animals that
are most advantageous under the prevailing conditions.
Thus, in view of the foregoing needs the objectives of this study
were:

To explore the feasibility of selection from a genetic
pool of breeds for greater efficiency of performance in
the Gulf Coast region.
To evaluate outcrossing within the Holstein breed of dairy
cattle as a system of breeding for improved productive effi
ciency under Gulf Coast conditions.
To compare the relative efficiency of these two systems of
breeding.
To investigate management practices which will provide the
most profitable performance for the genetic improvement
obtained.

/

II.

A.

1.

REVIEW OF LITERATURE

Production Traits

Milk and Milkfat
In a critical review of a number of early crossbreeding experi

ments, Robertson (99) concluded that no evidence of increased milk and
milkfat production over the average of the parent breeds had been demon
strated.

He indicated that the design of these early experiments were

inadequate and the results left the question of heterosis for milk and
the other production traits virtually untouched.
More recent results from better designed experiments are now
available and it appears that in most instances there is some degree of
heterosis for milk and milkfat production.

Beal (8), and Beal and

Martin (9, 10) reported on two- and.three-breed crosses among Red Dane,
Red Poll, and Milking Shorthorn cattle.

Total production, breed of

sire, breed of dam and the corresponding interactions, all of which
measure the effect of crossbreeding, were highly significant (P ^0.01).
In this study the average percent deviation of the crossbreds from the
purebred contemporary parental mean for milk production, was 5.5% for
two-breed crosses and 12.837.. for three-breed crosses.

Corresponding

percent deviations for pounds of milkfat were 10.3% and 14.9%, respec
tively, for two- and three-breed crosses.

In every instance the

greatest deviation from the parental mean was obtained when the Red

4

Dane breed was involved in the cross, a possible indication of the .
superior combining ability of this breed.

~

At the South Carolina Station, Brandt £t al. (18, 19, 20) and
Lemaster et al.

(66), reported the results of a crossbreeding experi

ment among the Holstein (H), Guernsey (G) and Brown Swiss (B) breeds.
Crossbreds with Guernsey inheritance were usually above the purebred
Guernseys for milk, milkfat and 4% fat-corrected-milk (FCM) but below
in milkfat test.

For example, milk production of the GH crossbreds

averaged 17% above the Guernseys and 19% below the Holsteins.

The

opposite was true when crosses with Holstein inheritance were compared
to Holsteins.

For those with Brown Swiss breeding the crossbreds ex

ceeded the purebred Brown Swiss contemporaries 66% of the time.

In

only one instance did a crossbred group (daughters of Holstein sires
out of GBHG females) exceed purebred Holstein herdmates.

This group

of 12 cows produced significantly more (P < 0.05) milkfat and FCM than
purebred contemporary Holsteins.

These results indicate that, in gen

eral, nonadditive genetic effects were not important for milk production
traits in crosses among the three breeds involved.
Georgia workers (57, 58, 59) reported none of the two- and threebreed crosses between the Holstein, Brown Swiss and Jersey (J) breeds
exceeded the average record of Holsteins in milk yield.

However, per

formance of crossbreds having Holstein parentage essentially equaled
the purebred Holsteins.

Three of the crossbred groups (HJ, HBJ and

BHJ) produced significantly more milk (P < 0.05) during the first lac
tation than contemporary Brown Swiss and Jersey herdmates.

The BJ

crossbred group produced slightly more milk than Jersey herdmates, but
less than Brown Swiss herdmates.

When the crossbred groups were com

pared to the weighted mean of their parental breeds, the percent de
viations in milk yield were 9, 7, 16 and 10 for the HJ, BJ, HBJ and
BHJ groups, respectively.

The corresponding comparisons for pounds

milkfat and percent milkfat followed a similar pattern in the Georgia
study.

All crossbred groups surpassed the Jerseys and Brown Swiss with

the exception of milkfat percent for Jerseys.

Crossbreds having Hol

stein parentage equaled or surpassed the purebred Holsteins in pounds
of milkfat, whereas milkfat percent was approximately 0.57, higher for
crossbreds.

When the crossbreds were compared to the weighted mean of

their parental breeds the percent deviations for pounds of milkfat were
8, 8, 17 and 8 for the HJ, BJ, HBJ and BHJ groups, respectively.

Cor

responding deviations for milkfat percent were essentially zero for all
breed groups.

Note that as in the Indiana (8, 9, 10) and South Caro

lina (19, 20) data the three-breed crosses appeared to be superior to
two-breed crosses in terms of milk and milkfat yields.
McDowell (80, 81) has reported results of a crossbreeding experi
ment involving the Holstein, Brown Swiss and Ayrshire (A) breeds.

In

a preliminary report of this study (80) the BH crossbreds, and certain
three-breed crosses, produced up to 600 pounds more milk and 37 pounds
more milkfat than contemporary Holsteins during the first lactation.
In a later report (79) after numbers were increased, none of the cross
bred groups exceeded the purebred Holsteins in milk yield.

In the

later report crossbred groups with Holstein parentage were essentially

equal to purebred Holsteins in pounds of milkfat.

All crossbred

groups with the exception of the BA group exceeded the mean of pure
bred Ayrshire and Brown Swiss contemporaries.

In terms of percentage

deviations of the crossbreds from the purebred contemporary parental
mean, the two-breed crosses had an average deviation of 10.8% and the
three-breed crosses 21.5% in total milk yield.
When taken together, the data from Indiana, South Carolina,
Georgia and Maryland all indicate a certain degree of heterosis for
milk and milkfat yield.

It also appeared that three-breed crosses were

superior to two-breed crosses in this respect.

The Georgia and Maryland

results indicated that the greatest deviation from the parental mean was
obtained when the Holstein breed was involved in the cross.

A similar

situation was apparent in the Indiana study for crosses involving the
Red Dane breed, a far more productive breed than the Red Poll or Milk
ing Shorthorn.

Thus, if a difference in combining ability existed, it

is not clear whether it was attributable to the breeds in question, or
whether it was from the mating of breeds with comparatively widely dif
ferent levels of production.
Probably the most complete study of crossbreeding, in terms of
cattle numbers, generations and published results, is the experiment
with Holsteins and Guernseys at Illinois.

In a preliminary report

Touchberry and Dickinson (119) stated that the averages of the first
lactation records of 38 purebreds and 42 crossbreds were 9117 and 9587
pounds of milk and 359 and 411 pounds of milkfat, respectively.
was an average of 4.57o deviation for milk and 14.6% deviation for

This

milkfat in favor of the crossbreds, and an indication of heterosis for
these traits.

In later reports (12, 13, 14, 94, 120, 121) the Illinois

workers have consistently interpreted their data as showing no effects
of heterosis for the production traits.

In all instances the cross

breds exceeded the purebred Guernseys in first lactation milk and milk
fat yield and were intermediate between the purebreds in milkfat percent
Crossbreds with Holstein sires exceeded the reciprocal Guernsey-sired
crossbreds in first lactation milk yield by 9, 27 and 11 percent in
generations one, two and three, respectively.

When the data for genera

tions were combined and subjected to a least square analysis, the effect
of breed of sire was highly significant (P ^ 0.01) in favor of Holsteins
Furthermore, the values for breeding of dam were also highly significant
(P <( 0.01) and favored the amount of Holstein inheritance in the cross
breds.

When the records were adjusted for body weight, the values for

breed of sire remained highly significant (P <( 0.01) while those for
breed of dam were significant at the 5% level.

These values provide

estimates of the general combining ability of the two breeds and reflect
the relative contribution of the two sexes of each breed.

None of the

comparisons of crossbreds with purebreds approached statistical signi
ficance indicating that the specific combining ability between the two
breeds was nil.

These results appear to conflict with those previously

mentioned from the Indiana, Maryland and Georgia stations which showed
some evidence of heterosis for milk and milkfat yields.

However,

Bereskin and Touchberry (14) did provide some evidence of specific
combining ability for production traits involving certain individual

sires and cow breed groups.

Thus, the different nature of their re

sults may have been related to the comparatively small number of sires
used at Illinois compared with the other stations.
In the tropical countries many attempts have been made to cross
European breeds (Bos taurus) with indigenous cattle (mainly Bos indicus)
in order to combine the high yield and good temperament of the former
with the characteristic heat tolerance and resistance to endemic dis
eases of the latter (46, 55, 69, 73, 106, 108, 111, 115).

Unfortunately,

most of the work has not been carefully planned or carried out with suf
ficiently accurate control for proper reliance to be put in the results.
Nevertheless, there are some general trends indicated by the results
of these studies which warrant consideration.

Various Bos indicus or

Zebu breeds have been tried such as Red Sindhi, Gir, Hariana and Sahiwal.

Crosses of these with European breeds such as Holstein, Guernsey,

Brown Swiss and Jersey have been made.

Although detailed results have

not been reported, the Red Sindhi appears to have emerged as the fav
ored Zebu breed (76, 104, 105, 111).

Of the European breeds the Jersey

and Holstein have been used extensively and in general the crosses with
Holstein inheritance have been regarded as superior to the others (46,
69, 73, 74).

Crosses of Brown Swiss and Guernsey with several Zebu

breeds at the Indian Allahabad Agricultural Institute were not con
sidered as suitable as the Jersey-Red Sindhi crosses (97, 105).

How

ever, Stonaker (111) found that the Brown Swiss-Red Sindhi cross gave
a higher yield in terms of milkfat than either the Jersey-Sindhi or
its backcross to Jersey or Sindhi.

10
Reports in the literature are not uniform on the desired levels
of Zebu and European inheritance in crossbreds for optimum performance.
Most workers have reported the superiority with regard to milk and milk
fat yield and dairy temperament, of the F^ European male-Zebu female,
over the Zebu, and have attributed the good milk yields to heterosis
(73, 76).

However, in some instances animals with as much as three-

fourths European breeding consistently outperformed those with lesser
amounts (46, 74).

French (46) reported that Holstein-Zebu crosses

showed much improvement in size and productivity over the Zebus.

The

milk and fat yields increased with increase of Holstein inheritance up
to three-fourths.

Holstein crosses were better adapted to conditions

in Tanganyika than Ayrshire crosses.

The optimum fraction of European

inheritance in the Ayrshire crosses was one-half.
Mahadevan and Hutchinson (74) reported on an experiment involv
ing crosses of Zebus with Holsteins, Jerseys and Ayrshires in Tangany
ika.

When milk yield of the Zebus was designated 100, the relative

yields of 1/4-, 1/2-, and 3/4- European-Zebu crosses were 162, 183,
and 181, respectively.

On the other hand, when calving interval was

considered, the relative values were 100, 110, 112 and 128 for Zebus
and the respective crossbred groups.

Thus, while the 3/4 European-

1/4 Zebus gave more milk per lactation, the 1/4 European- 3/4 Zebus
gave higher average ddily yield between calvings due to the differ
ences in calving interval.
While the F^ and the backcross have proved quite successful in
many herds, a considerable diversity of results and opinions have been
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recorded in regard to the

interbreeding of the

generation.

This

practice has generally been condemned on the grounds that it leads to
too much variation in conformation, size, constitution and production.
There is little evidence in the literature to confirm or dispute this
argument in regard to dairy cattle.

Such evidence as there is suggests

that the variation in milk yield is not as great as supposed, but that
in appearance and constitution the F2, Fg and F^ generations are more
variable, smaller and possibly less hardy than the F-^ (28, 69, 73, 76).
Information on the performance of F-^, Fg, Fg and F^ Ayrshire-Red Sindhi
crosses was reported by Littlewood (69), and on Fg Ayrshire-Hariana and
Holstein-Hariana crosses by Matson (77).

Matson stated that the Ayr

shire-Hariana Fg was disappointing and "reverted to rather less than
the mean of their purebred races in regard to average yield."

He also

gave as typical of this cross the yield of 11 daughters of one F^ sire
which averaged 4650 pounds of milk as compared to 4500-7000 pounds for
the F^ crosses.

The Fg Holstein-Hariana gave better results with sev

eral high yields equivalent to the best of the F-^ dams.
Littlewood's experiment (69) is the only one of its type reported
in the literature.

In this experiment 32 F^, 23 Fg, 11 Fg and 2 F^ Ayr

shire-Red Sindhi cows were produced.

Average and maximum yield data

were presented for the different generations as follows:

Generation No.
Red-Sindhi

F

3

Ave. Yield

Max. Yield

3431
5122

9371

4068

8380

4151.

6825

4050

4108

Littlewood (69) reported that 50 percent of the F-^ cows gave
lactation yields exceeding 6000 pounds milk, and that these cows were
much superior to the Red Sindhis.

When four very low first lactations

were omitted from the F2 group, they gave an average of 1000 pounds less
than the F^ generation and 640 pounds more than the Sindhis.

The F^

generation improved slightly over the F2 and only two of the F^ genera
tion had records when the experiment was abandoned.

In other respects,

i.e., growth, size and conformation, the F2 , F3 and F^ generations were
considered inferior to the F]_.
The results of these two experiments, although not conclusive,
indicate a need for further investigation into this type of breeding
scheme.

Furthermore, the successful development of the Santa Gertrudis

breed of beef cattle through the interbreeding of the F^ generation
(98) should give dairy cattle breeders added incentive to re-evaluate
this type of breeding program.
In the United States the Red Sindhi has been the major Zebu
breed used in crossbreeding experiments for dairy purposes.

This breed

has been crossed with the Jersey, Holstein and Brown Swiss breeds as an

approach to the problem of development of dairy cattle adaptable to
the southern United States.
ried out at three locations:

The Red Sindhi-Jersey experiment was car
the Agricultural Research Center, Belts-

ville, Maryland; the Iberia Livestock Experiment Station, Jeanerette,
Louisiana; and the Coastal Plain Experiment Station, Tifton, Georgia.
The breeding plan for this experiment was to produce combinations of
the Red Sindhi and Jersey breeds by eighths in order to determine the
appropriate fractions of heredity from each breed for optimum produc
tivity and adaptability.
Production characteristics of the Red Sindhi-Jersey crossbreds
were reported by McDowell et al.

(83) and by Branton et al. (24). Records

of 180 cows in the crossbred groups of 3/4J, 5/8J, F-^, F 2 and 1/4J were
compared to purebred Jersey herdmates (83).

All the crossbred groups

were lower in milk and milkfat yield, but tested slightly higher than
their Jersey herdmates.

Level of milk and milkfat yield decreased sig

nificantly (P < 0.05) as the proportion of Sindhi inheritance increased.
However, when first lactation records of the crossbreds were adjusted
for length of lactation,

the only significant differences (P <( 0.05)

that remained were those between milk and milkfat production for the
3/4J and 1/4J breed groups.

Length of lactation appeared to be the

most important factor contributing to the differences in milk and milk
fat yields.

Since adjustment for length of lactation did not account

for all the differences,

this was not the sole reason for the superior

ity of the purebred Jerseys.

Other factors which appeared to contribute

to the differences were persistency of lactation, temperament and
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relative feed efficiency.

Age at first calving was similar for both

purebreds and crossbreds and did not appear to have an effect on first
lactation production.
Crossbreeding experiments with the Red Sindhi and Holstein
breeds were conducted at Louisiana State University and at Beltsville.
The breeding plan for this project was to produce F^ Sindhi-Holsteins
and back-crosses to the Holstein (3/4 H ) .

Branton et al. (22, 23, 24)

reported on the production of Red Sindhi-Holstein crossbreds in com
parison with purebred Holstein contemporaries.

As was true for the

Red Sindhi-Jersey crossbreds the F^ and 3/4 H crosses were significantly
lower (P < 0.01) in milk and milkfat yield, length of lactation and per
sistency.

When data from the two stations were combined, the differences

in milk and milkfat yield between the two crossbred groups were highly
significant (P <( 0.01) in favor of the 3/4 H crosses.
The Red Sindhi-Brown Swiss crossbreeding project was conducted
at the Louisiana Hill Farm Experiment Station (Homer).

The breeding

plan for this project was the same as for the Red Sindhi-Holstein
study.

Branton £t al. (23, 24) reported highly significant differences

(P < 0.01) in milk and milkfat yield between the F^ crosses and pure
bred Brown Swiss contemporaries.

These differences between the 3/4 B

crossbreds and purebred contemporaries were not significant.

The F^

animals produced 3278 pounds of milk and 160 pounds of fat during
the first lactation, as compared to 5000 pounds milk and 224 pounds
of fat for the 3/4 B crosses.
highly significant (P < 0.01).

The differences for both traits were
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Branton

al. (24) noted that the effect of season of calving

was similar for purebreds and crossbreds in all three of the studies.
Animals that calved in the cooler season of the year (October-March),
produced more milk (P <, 0.01) than those calving in the hotter season
(April - September).

The most surprising effect was that in spite of

the greater physiological heat adaptation of the crosses (56, 84, 112)
they did not perform as well, relative to the purebred contemporaries,
in hot weather as in cool weather.
There was no apparent heterotic effect on milk and milkfat pro
duction resulting from the crossing of the three European breeds with
the Red Sindhi (24).

In every instance production was in line with

theoretical expectations from such crosses on the basis of an additive
genetic scheme.
In general, it can be concluded from the studies in the United
States that the 3/4 European-1/4 Zebu crosses were similar in most re
spects to the European breeds, except that the total production yield
was inferior.

Since the production traits are of utmost economic im

portance, there is no advantage for this type of cross in the United
States.

On the other hand, the crossbreds with one-half or three-

fourths Zebu consistently showed greater physiological adaptability
(resistance to parasites, responses to heat stress, etc,)' than the
purebreds.

However, the level of production was prohibitively low,

and from an economic standpoint far outweighed any small advantage
gained in physiological adaptability.
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2.

Solids-not-fat and Protein
During the first half of this century interest in the composi

tion of milk was centered mainly on the fat, and remarkable progress
was made in raising the fat content of the milk of most dairy breeds.
In recent years the relative importance of whole milk, cheese and
other dairy products has increased in comparison with butter, and as
a result, more attention has been paid to the solids-not-fat (SNF)
and particularly to the protein and its different fractions.
Dairy breeds differ from one another in composition of milk,
and these differences are probably mainly genetic.

A comparison be

tween the breeds shows that a high milkfat percentage is accompanied
by a relatively high content of SNF and protein (2, 40).

Espe (40)

gave average percent milkfat for the five major dairy breeds as 3.40,
4.00, 4.01, 4.95 and 5.37 for the Holstein, Ayrshire, Brown Swiss,
Guernsey and Jersey breeds, respectively.

Corresponding percent SNF

values were 8.86, 8.90, 9.40, 9.54 and 9.54, respectively, and percent
protein 3.32, 3.53, 3.61, 3.91 and 3.92, respectively.

The data re

viewed by Armstrong (2) shows that during the period 1926-1957 average
milkfat percent for the five major breeds increased by 0.22- 0.13 per
cent, and during the same period percent SNF increased by 0.28 * 0.14
percent.

This indicated a high correlated response for SNF since selec

tion during this period was primarily for milkfat.

Robertson et al.

(100) estimated the genetic correlation between percent milkfat and
percent SNF to be.J),46, and bdtwden .percent milkfat and percent
protein.to.be 0.'48.: Similar genetic correlations by Farthing (42)
were 0.58 (% milkfat - % SNF) and 0.67 (% milkfat - % protein).
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Farthing (42) also gave genetic correlations of 0.78 and 0.84 between
yield of milkfat and yield of SNF and protein, respectively.
There are very little data in the literature concerning the
effects of crossbreeding on the milk constituents other than milkfat.
Based on the close relationship of milkfat to SNF and protein (2, 40)
and the comparatively high genetic correlations between milkfat and

—

the other constituents (42, 100), they would be expected, theoretically,
to behave similar to milkfat in a crossbreeding program.
In a preliminary summary Bateman and DeAlba (7) reported an aver
age percent protein of 3.31 for 22 Fj^ Sindhi-Jersey crossbreds as com
pared to 3.377. for purebred Jersey contemporaries.
no evidence of heterosis for percent protein.

These data showed

Horn £t al. "(54) re

ported percent protein for 550 F^ Jersey-Siramenthal crossbreds to be
4.84 compared to 4.25 for contemporary purebred Simmenthals.
tein values for purebred Jerseys were given.

No pro

These workers concluded

that the high percent protein for the crossbreds did not deviate from
the additive genetic scheme.

However, if this is true, it appears the

percent protein would have needed to be excessively high for the pure
bred Jerseys.
The Beltsville workers (80, 86, 93) reported preliminary results
for the effect of crossbreeding on SNF and protein content of milk.
In all combinations of two- and three-breed crosses with the Holstein,
Brown Swiss and Ayrshire breeds, the two-breed crosses produced 6.37®
more pounds SNF and 5.370 more pounds protein during the first lactation
than the average of the purebred contemporaries.

The three-breed
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crosses produced 12.2% more SNF and 14.8% more protein than the average
of the purebred contemporaries.

The two-breed crosses with Holstein

parentage produced as well as the three-breed crosses, while the Brown
Swiss-Ayrshire breed group was markedly inferior to all others in pro
duction of SNF and protein.

In this same study Pearson and McDowell

(93) found an average percent deviation of 10.7 in percent SNF for
the two-breed crosses, and 21.6 for the three-breed crosses.
From these preliminary results it appears that in the cross
breeding of dairy cattle, protein and SNF content of milk follows a
pattern similar to that for fat content.

As was true in fat production,

crossbreds with Holstein parentage consistently produced more SNF and
protein even though the average test for these constituents was lower.
The data also indicate a possible heterotic effect on percent SNF from
the crossing of Holstein, Brown Swiss and Ayrshire breeds.

3.

Persistency of Lactation
Persistency of lactation in dairy cattle is recognized as a valu

able attribute.

Although it is modifiable by various nongenetic factors,

it .is an individual characteristic’ of the^cow.

Several investigations

(67, 71, 73) have shown a highly significant correlation between persis
tency of lactation and total yield.

Lennon and Mixner (67) in a study

of Holstein and Guernsey records reported a correlation coefficient of
0.32 between persistency of lactation and total yield, and concluded
that persistency accounted for 8.5% of the total variation in lactation
yield.

These workers and others (44, 70) found no major differences in
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persistency between the European breeds of dairy cattle.

However,

Beal et al. (9) found a highly significant difference (P <( 0.01) be
tween breeds of dual purpose cattle.

Red Dane cattle were more per

sistent than either the Red Poll or Milking Shorthorn breeds.
Kartha (62, 63) found that the rate of decline in lactation for
various types of Zebu cattle ranged from 7.5% in pedigree Sahiwals to
11% or more in ordinary village cattle.

When this is compared to an

average rate of decline of 5% for the European breeds (25) it appears
that the persistency of Zebu cattle is lower.

Mahadevan (72), in a

study of Ceylon cattle, concluded that the apparent difference in per
sistency between Zebu and European breeds was not due to their genetic
make-up, but rather to the length of lactation, and the conditions of
management that prevail in tropical areas.

Correlations between lac

tation yield and length of lactation were similar for Zebu and European
cattle, and their crosses, under Ceylon conditions.
The effect of crossbreeding on persistency of lactation has been
studied by various investigators

(9, 24, 44, 80, 86, 95).

Beal et al.

(9) working with dual purpose breeds found a highly significant differ
ence (P ^ 0.01) in persistency in favor of crossbreds.

Three-breed

crosses were more persistent than two-breed crosses (P ( 0.01), and
crossbreds with Red Dane inheritance were more persistent than those
with Milking Shorthorn or Red Poll breeding.

These workers also found

highly significant (P < 0.01) differences between the purebred groups
in favor of the Red Dane.

Fohrman et al. (44)

used Red Danes in a

crossbreeding study with Jerseys, Guernseys and Holsteins and found
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them to be equally as persistent as the other breeds.
(44) the average persistency of all crossbreds

In this study

was about 10 percent

greater than for the purebred foundation animals.

Contemporary pure

breds were not available for comparison.
Plowman and Hooven (95) found no difference in persistency be
tween purebreds and crossbreds in a study that involved Holstein,
Ayrshire and Brown Swiss breeds.
McDowell .et aJ. (83) reported that with Zebu-European crossbreds,
first lactation persistency of milk yield was inversely related to the
proportion of Zebu inheritance.

Purebred Jerseys and 3/4 J crossbreds

had significantly higher (P ^0.05) persistency than the 1/4 J and the
F2 but were not different from the F^ cross between the Red Sindhi and
Jersey breeds. Similar trends were noted for Holstein-Sindhi, Brown
Swiss-Sindhi and Jersey-Brahman crosses (24).
These data do not support the conclusions of Mahadevan (72) in
the Ceylon study and indicate that the difference in persistency between
the European and Zebu breeds is largely genetic.
In summary, there is some evidence of heterosis for persistency
of lactation resulting from the crossing of the European breeds of dairy
cattle.

This effect was not apparent in all the studies and appeared

to be associated with combinations involving particular breeds.

It was

most apparent when the Holstein or Red Dane breeds were involved in the
cross.

Reduced persistency in the European-Zebu crosses was inversely

related to level of Zebu inheritance.
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B.

1.

Growth Traits

Birth Weight
Numerous factors have been reported to have an influence on the

within breed birth weight of calves.

Knapp and coworkers (64) in an

analysis of birth weights of dual purpose Milking Shorthorns found cor
relations of 0.55 between birth weight and length of gestation, 0.21
between birth weight and parity of dam, and 0.22 between birth weight
and weight of dam.

These workers ascribed 38% of the total variation

in birth weights to these three factors.

In an analysis of three un

related Holstein herds Tyler e_t al. (122) found that herd differences
accounted for 22%, sex for 7% and parity of dam for 14% of the total
variation in birth weight.
In crossbreeding studies of both beef and dairy cattle the pri
mary importance of the maternal influence on birth weight of calves has
been emphasized (15, 17, 34, 45, 59, 61, 117).

For example, when Jer

sey or Guernsey dams were involved, crossbred calves tended to show no
superiority over the purebred parental mean (17, 34, 59, 117).

Con

versely, Holstein cows mated to Jersey sires produced calves whose birth
weights exceeded the purebred average by 3.9 pounds (34), and by 7-8
pounds when Guernsey sires were used (17, 117).
In beef cattle, Franke et al. (45) found that crossbred calves
by sires of the British breeds (Angus, Shorthorn, and Hereford) were
lighter than mean birth weight by 6.1, 2.0 and 0.4 pounds, respectively.
Charolais- and Brahman-sired crossbreds were heavier than the mean birth
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weight by 7.5 and 4.0 pounds, respectively.

This indicated birth weight

of crossbred calves was also affected by breed of sire.

This effect was

also demonstrated by Boyd and Hafs (15) and by Bereskin and Touchberry (13).
In studies from India that involved crossing of the Red Sindhi
breed with Jerseys, Holsteins, Guernseys and Brown Swiss, Rathore (97)
found no significant difference between the Red Sindhi and all cross
breds,- for mean birth weight.

There were significant differences at

tributable to breeds of European cattle.

Crossbred calves by Holstein

sires were heavier (P < 0.01) than those by Guernsey or Jersey sires. The
proportion of European breeding also had a significant effect (P < 0.05)
on birth weight.

Animals with 507, European inheritance were the heaviest,

while those with 757, European breeding were generally small and unthrifty.
McDowell e£ al^

(82, 85) adjusted for significant differences

(P •( 0.05) in length of lactation, and found that

Sindhi-Jersey crosses

were seven pounds heavier at birth than Jersey contemporaries.

When the

amount of Red Sindhi inheritance was increased to three-fourths, the
crosses were eight pounds lighter at birth than Jersey herdmates.

Ani

mals that were 3/4 J were not different in birth weight from purebred
Jerseys.

Note that these results do not agree with those reported by

Rathore (97) in India, where it appeared that the European breeds had
difficulty adapting to Indian environmental conditions.
In crossbreeding studies between the Red Sindhi and Holstein breeds
Branton £t al.. (23, 24) reported average birth weights of 77, 73 and 86
pounds, respectively, for F p 3 / 4 H, and purebred contemporary Holsteins.
In both instances the crossbreds were smaller than purebred Holsteins,
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and were different from the Sindhi-Jersey crossbreds in that the F^
calves were not heavier at birth than the larger parent.
To summarize, no consistent evidence of heterosis for birth
weight in cattle has been found in the several experiments designed to
adequately evaluate its effect.

Most of the direct evidence supports

the hypothesis that mean birth weight in crosses conforms to midparent
inheritance.

2.

Postnatal Growth
As was true for birth weight the maternal effect appears to have a

significant bearing on postnatal size and growth patterns of crossbred
calves.

In studies where the breed of dam was smaller than breed of

sire it appeared that the maternal effect may nullify any heterotic ad
vantage in size or weight until the calf was at least three months old.
This was evident in the Brown Swiss- or Hoistein-sired offspring of Jer
sey dams described respectively by Hilder and Fohrman (51), and Johnson
et a l . (59).

It was also apparent in the Holstein-Guernsey crosses

studied by Brandt and Brannon (17), Touchberry (117) and Touchberry and
Bereskin (118), and in the Holstein-Ayrshire crossbreds reported by
Plowman and Hooven (95).

In these studies the body weight of crossbreds

showed the most marked deviation from the purebred parental means at be
tween six and 15 months of age.

At its peak the deviation was found to

be 6-10 percent above the purebred parental average.
In contrast when relatively large dams were involved, the weight
of crossbred calves differed most from the purebred parental mean at
birth or shortly thereafter.

This was true of the Brown Swiss-Holstein
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crosses studied by Brandt and Brannon (17) and of Jersey-Holstein crosses
reported by Hilder and Fohrman (51).

Although there was a difference in

the age at which it occurred the peak deviation was again up to 10 per
cent above the parental average.
The nature of the differences responsible for variation in body
weight between purebred and crossbred cattle
son (32).

was discussed by Dickin

In this study reciprocal crosses of the Jersey, Ayrshire

and Holstein breeds were used.

Crossbred calves out of dams of the

larger breed were larger at birth, but in every case this difference dis
appeared during the first year's growth.

In case of the Holstein-Ayr-

shire and Ayrshire-Jersey crosses, gains in weight were reversed at
15-24 and 8-24 months, respectively, in favor of the dam of the smaller
breed.

Dickinson postulated that calves in smaller dams were restricted

in the latter period of prenatal growth.

This restriction did no more

than inhibit the inherent growth potential and was unrelated to the basic
size genotype.

Once the maternal restriction was removed at birth, growth

proceeded normally to about three months of age, and then at a slightly
accelerated pace until maturity.
The picture in the reciprocals from the larger dams was interpreted
as resulting from increased prenatal growth due to a relatively profuse
maternal environment.

Thus, in both instances the early expression of

the crossbred's genotype for body size depended on whether prenatal growth
had been favored or restricted by maternal environment, within limits.
Shreffler and Touchberry (107), reporting on reciprocal crosses
of the Holstein and Guernsey breeds observed essentially the same results
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for body weight as that reported by Dickinson (32) , except there was
no crossing of the growth curves at any age.

In the Holstein-Guernsey

data the crossbreds from the larger dams remained larger at all ages
through four years.

However, the difference at 18 and 24 months were

the only ones that reached statistical significance (P

0.05) and

thus fitting a nonadditive genetic scheme.
With regard to body measurements which indicate skeletal growth
(chest depth, height at withers, and body length), Shreffler and Touch
berry (107) found no evidence of departure from an additive genetic
scheme in measurements taken at three months, six months, and at six
month intervals through three years of age.

On the other hand, Dickin

son (32) reported that the only significant deviations from midparent
values found in reciprocal crosses of the Holstein, Jersey and Ayrshire
breeds, were for these measures of skeletal growth.

This apparent con

flict may not be serious, since examination of the most recent analysis
of the Illinois data (118) shows evidence of a heterotic effect for
skeletal growth too, and no longer indicates the distinction reported
earlier.
Fletcher ej: al. (43) reported that F^, F 2 , 1/4J and 3/4J com
binations of the Jersey and Red Sindhi breeds showed significant positive
deviations (P ^ 0.05) from contemporary Jerseys at birth, six and 12
months of age, except that the 1/4 J breed group was lighter at six
months.

In subsequent reports McDowell et al. (82, 85) found that the

trend continued through 18 months of age.

At 90 days after first calv

ing only the F^ animals were significantly heavier (P ^ 0.01) than the
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purebred Jerseys (719 vs. 671 lb).

The F 2 breed group was signifi

cantly lighter (P < 0.01) than Jerseys (580 vs. 671 lb).
skeletal growth were very similar to that for body weight.

Trends in
The F-^

crosses tended to exceed the Jerseys at the early ages but very little
of the advantage carried through to the first lactation.

Crossing of

the two breeds appeared to have the greatest effect on increased body
length, size of head, slope of rump and fleshing.

As little as 25 per

cent Sindhi inheritance had a distinct effect on these measurements.
Branton et: al. (23, 24) reported results for growth on crosses
between the Red Sindhi and Holstein breeds.

The F^ and 3/4H cross

breds were smaller than contemporary Holsteins at birth and all ages
through first lactation.

In skeletal size the crossbred groups were

smaller than contemporary Holsteins up to three months of age.

From

6-18 months the crossbreds tended to equal or exceed the purebred Hol
steins, but by first calving the purebreds again had the advantage.
As was the case with Sindhi-Jersey crosses, 25 percent Sindhi inheri
tance was enough to affect size of head, body length, degree of flesh
ing and slope of rump.
In summary, the evidence for postnatal growth emphasizes the
importance of the maternal influence on size and growth patterns of
crossbred calves.

The effect due to dam was clearly illustrated in

studies which gave separate results for reciprocal crosses of the same
breeding (17, 32, 51, 61, 107).

The effect was also shown by Touch

berry and Bereskin (118) who compared it with the much less important
variation due to sires.

The crossbreeding studies that involved the
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Red Sindhi breed (23, 24, 43, 85) were not designed to effectively meas
ure the maternal effect in that no reciprocal crosses were made.

However,

performance of these crosses was similar to crosses among the European
breeds for most of the growth traits studied.
In general, it seems reasonable to conclude that fleshing capacity
and skeletal size in cattle are both subject to heterotic effects.

Some

variation would be expected according to the tendency of the types of
cattle to fatten and the opportunity given them at various ages to do so.
On the other hand, a clear assessment of the effect of crossbreeding on
body weight and growth patterns is difficult to obtain.

This is partly

due to the residual influence on these traits of the maternal effect.

It

appears that if the dam is much smaller than the sire, the maternal effect
may nullify any heterotic advantage in weight until the calf is at least
three months old.

By contrast, when relatively large dams are involved,

the crossbred calves' weights may differ most from the purebred mean at
birth or shortly after.

However, in either case peak deviations of up

to 10 percent above the parental average indicated an effect of heterosis.
From the practical point of view, this means that no useful pre
diction of the effect of crossbreeding on size or growth can be made
even for animals of the same genotype unless the type of cross and the
age in question are specified.
The effects of crossbreeding on postnatal growth and size are
compatible with evidence from inbreeding studies.

A depression in early

growth rate among inbred cattle has been reported by several investiga
tors (6, 31, 75, 87, 101, 123, 131).

Except at the high levels of
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inbreeding studied by Margolin and Bartlett (75), and Woodward and
Graves (131), a decline of the effect with age has been found with evi
dence of compensatory growth, so that inbred animals equaled or even
surpassed the mature size for controls (87, 123).

A differential effect

of inbreeding on skeletal growth has not been reported.

C.

1.

Reproductive Performance

Effect of Breed
In general, the literature indicates that only a small portion of

the variation among the traits used to evaluate reproductive performance
in dairy cattle can be attributed to genetic variation.

Repeatability

and heritability of these traits are consistently estimated at or near
zero (1, 27, 37, 49, 65, 89, 96).

Thus, the effect of breed on repro

ductive performance is not expected to be significant except where the
possibility of interaction with environmental factors such as climate,
or heterosis from crossbreeding are present.

Johnson et al. (57)

found that purebred Brown Swiss cows were inferior in reproductive per
formance to Jerseys and Holsteins and various crosses between the three
pure breeds in a Georgia study.

However, McDowell (81) in a related

study at Beitsville did not find this inferiority as pronounced in the
Brown Swiss breed, although prenatal loss of calves from this breed was
significantly higher (P ^ 0.05).
McDowell et al.. (82) reported up to 75 percent Red Sindhi inheri
tance did not materially affect reproductive performance in crosses with
purebred Jerseys.

However, each 25 percent of Red Sindhi inheritance
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increased gestation length approximately three days, suggesting an
additive genetic effect.

In a study involving crossbreeding between

the Holstein and Guernsey breeds, Verley and Touchberry (127) found
no significant difference between the purebreds, or between either
pure breed and the crossbreds for seven measures of reproductive per
formance.

Branton et al. (24) reported no significance in services per

conception between purebred Holsteins and the F^ cross with Red Sindhi,
or the backcross to Holstein.

These workers reported services per con

ception of 1.75, 1.88 and 1.58, respectively, for the three breed groups.
Services per conception for purebred Jerseys, 3/4 J, F^ and 1/4 J crosses
with Red Sindhi were 1.72, 1.47, 1.50, and 1.59, respectively.
Hall (49) noted a significantly higher (P ^ 0.01) incidence of
anestrus in Red Sindhi-Holstein crossbreds when compared to purebred
Holsteins and Jerseys.

Of 24 crossbreds 10 or 42 percent showed evidence

of anestrus in one or more estrual intervals, as compared to 31 animals
or 33 percent of 95 Jerseys, and 52 or 34 percent for 151 Holsteins.
In a review of crossbreeding in dairy cattle, Pearson and McDowell
(93) concluded that for most reproductive traits, variation between breed
groups within mating systems was far wider than variation between pure
breds and crossbreds themselves.

These workers also concluded that

present-day breed populations were sufficiently heterogeneous,

in terms

of the specific and non-specific factors which affect reproduction, for
no further improvement to be gained by crossbreeding.
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2.

Effect of Age of Female
The age at which heifers reach sexual maturity varies with breed,

state of nutrition and climatic conditions (36).

However, once estab

lished, unless disease or other abnormal conditions intervene, estrual
periodicity continues until senility.

The reproductive tract in heif

ers usually has not been affected by disease or reproduction, and con
sequently fertility should be optimum at this time.

Nevertheless, most

of the literature indicates that nulliparous animals require more ser
vices per conception, and that services per conception and calving inter
val decrease with each succeeding gestation through the fourth (30, 52,
114).

These workers reported that nulliparous heifers required the

largest number of services per conception.

The number required, decreased

through the fourth calving, held constant for the fifth, sixth, seventh
and eighth calvings, and began to increase again with the ninth.

These

data were generally based on all animals serviced, with the infertile
heifers adversely affecting the conception rate for their age group.
Branton e_t al. (21) found that if records for nonbreeders were omitted,
the

conception rate for virgin heifers was not different from multiparous

animals.

The validity of such procedure was based on the fact that by

definition nonbreeding heifers always remain in the heifer category,
thereby, introducing bias to that age group only.

The findings of Erb

and Holtz (38) and Lewis and Harwood (68) agree with the approach taken
by Branton £t a A . (21).
The response of animals to the effects of season may be largely
dependent on age also.

Mercier and Salisbury (78) noted in a study of
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New York cattle that aged cows differed more in their response to sea
sons than any of the younger cow groups.

The season of highest fertil

ity for aged cows was winter, whereas, this was the low season for all
other age groups studied.

3.

Effect of Season of Calving
Seasonal variation in breeding performance for dairy cattle has

been reported by several investigators (39, 53, 78, 88, 92).

Although

there are some differences in the findings the majority of reports in
the literature indicate that spring was the high fertility season and
slimmer the low.

When data from 34 such investigations (102) were classi

fied into Northern and Southern groups, some differences became apparent.
Both groups showed highest average fertility in the spring and the low
est average in the summer.

However, in some of the studies in the North

ern group where extremes in daylight hours occurred (113), lowest fertility
was evident in winter.

Mercier and Salisbury (78) found conception rate

to be significantly correlated (P ^ 0.01) with monthly average length
of daylight, with a lag of 1-2 months from the longest days to maximum
fertility.

In this study (78) temperatures had no measurable effect on

fertility of cows in Canada.

In contrast, Gangwar et: al. (48) in a

study designed to evaluate the effect of natural and controlled hot and
cool climatic conditions, found that hot climatic conditions signifi
cantly depressed (P ^ 0.01) the length of estrual period in Holstein
heifers.

The incidence of clinical anestrus was 33 percent among heif

ers under cycled hot climatic conditions, as compared to 8 percent and

32
7 percent for heifers under air conditioning and natural summer condi
tions, respectively.

Hollon et al. (53) reported highly significant

differences (P ^ 0.01) between seasons in days open, calving interval
and services per conception.

Cows calving from March through July had

a mean calving interval of 432 days, a mean days open of 163 and required
2.03 services per conception.

For cows calving from August through Febru

ary the respective means were 389, 106 and 1.67.

4.

Effect of Level of Production
Studies by Olds and Seath (89), Branton ^t _al, (21) and Steele et

a l . (110) show that level of production has a significant effect on re
currence of estrus after calving.

Olds and Seath (89) found that for

each additional 1000 pounds of 470 FCM produced in the first 120 days of
lactation, there was a delay of 1.5 days in the occurrence of first post
partum estrus.

Evidence also indicated that high levels of production

had an adverse effect on the number of services required per conception
(21, 68, 110), days open (27, 110), conception to first service (90), and
calving interval (53, 124).

When the Louisiana data

was later adjusted for age at

by Branton et al.(21)

calving (50) there was no significant rela

tionship between services per conception and level of production.

It

also appeared that in studies where several herds were involved (16, 116)
the relationship between services per conception and level of production
was not significant.

This indicates that most of the variation was be

tween cows in single-herd studies.
In a crossbreeding study among the Holstein, Jersey, Brown Swiss
and Red Sindhi breeds, Steele ej: _al. (110) reported significant correla
tions (P

0.01) between milk yield during the first 120 days of

33
lactation and days open.

However, the crossbreds were not different

from purebred Holsteins and Jerseys in this respect.
To summarize,

it appears that many factors affect reproductive

performance in dairy cattle.

These are all somewhat interrelated, and

the response measured is due many times to a combination of effects
rather than to a single factor.

Age of the female at the time reproduc

tive performance is measured has a definite effect on the response ob
tained.

The literature indicates that both nulliparous heifers and

aged cows require more services per conception than do cows in the sec
ond through the seventh reproductive cycle.
productive performance is also evident.

Seasonal variation in re

However, the effect appears to

be dependent upon other factors such as disease, nutrition, temperature
and hours of daylight.
Increased production during early lactation has been found to
increase services per conception, calving interval, days open and most
of the other measures of reproductive performance.

However, when single

herd data were adjusted for age at calving, or when several herds were
involved in a study, the relationship between level of production and the
measures of fertility were not significant.
In crossbreeding studies no consistent differences between cross
breds and purebreds were reported, suggesting that present-day breed
populations are sufficiently heterogeneous for no further improvement to
be gained from crossbreeding.
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D.

Livability

Studies on death losses in dairy cattle (29, 91, 103) have shown
that from 6-18 percent of all conceptions result in full term still
births or nonviable abortions.

Other studies (3, 60, 91, 103, 128) have

shown that of all calves born alive from 8-24 percent die before one
year of age, and that from one year to first calving 7-9 percent of all
heifers die or leave the herd because of failure to breed.
In studies of mature dairy cattle (11, 41) it was indicated that
the major causes of animals leaving the herd were reproductive difficulty,
low production and udder troubles.

It was not uncommon for these three

causes to result in the eventual removal of over 50 percent of the cows
from a herd.
In general, no one breed of cattle appears to have a marked advan
tage in livability.

There is some evidence that crossbreeding may lead

to higher live birth rates and subsequent livability.
that

Donald (34) found

females produced 3.6 percent dead calves as compared to 5.8 per

cent for purebred dams.

This improvement was mainly attributable to

differences between first-calf heifers and was less marked between pure
and crossbred cows.
Dickinson and Touchberry (33) reported significant differences be
tween purebreds and crossbreds of the Guernsey,and Holstein breeds.

In

this study the animals were grouped into three age intervals; birth to
one year, one year to first calving, and for cows over all lactations.
In every age group over twice as many purebreds were lost from the herd
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as crossbreds.

The over-all death losses were 32.7 percent for pure

breds and 13.4 percent for crossbreds.

No significant difference; was

found between the production of live animals and those that were dis
posed, indicating that there was little or no genetic relationship be
tween livability and productive level.
The studies by Donald (34) and Dickinson and Touchberry (33) in
dicated an influence of nonadditive genetic factors on livability.

How

ever, a close study of the Illinois data (33) reveals that of the two
pure breeds, 46.6 percent of the Guernseys were disposed for cause as
compared to 26.9 percent for the Holsteins.

Thus, the greater part of

the difference between purebreds and crossbreds was due to only one of
the pure breeds.

Presumably this would account for most of the observed

heterotic effect.

In this case data from the Illinois experiment would

be in agreement with results of more recent studies (79, 130) where no
evidence of heterosis for livability was observed.

III.

A,

EXPERIMENTAL MATERIAL AND METHODS

Source of Data
1.

Herd History

Data used in this study were obtained from the Iberia Livestock
Experiment Station dairy herd for the period 1956-1966.

The station is

situated at Jeanerette, Louisiana, approximately 100 miles west of New
Orleans, and eight miles north of the Gulf of Mexico.

It has an ele

vation of 25 feet, a mean precipitation of 59.39 inches and a mean
temperature of 67.1° F.
Dairy cattle breeding investigations were started at the station
in 1917 by the United States Department of Agriculture, in cooperation
with the Louisiana Agricultural Experiment Station and Louisiana State
University.

Prior to 1946, the principal investigation was a proved

sire experiment within the Jersey breed of dairy cattle.

This experi

ment was designed to develop a herd that would reach homozygosity in
its inheritance of factors for high levels of milk and milkfat produc
tion.
The foundation herd consisted of 14 purebred Jersey cows pur
chased from Tennessee breeders in 1917, and four purebred Jerseys
purchased from a Massachusetts breeder in 1918.

In 1937, sixteen pure

bred Jersey females were transferred from the USDA field station at
Lewisburg, Tennessee.

No additional females entered the herd from

outside sources until 1946.
36
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A total of 23 proved sires had daughters with records in the
herd during the 30-year period, 1917-1947.

Of these, nine were brought

in from outside sources, and 14 were bred in the herd and proved by
cooperating dairymen.
In 1946, two males and two females of the Red Sindhi breed
were imported to Jeanerette from the Allahabad Agricultural Institute,
United Provinces, India.

These animals formed a nucleus for crossing

with Jerseys, Holsteins, and Brown Swiss as an approach to the problem
of development of dairy cattle adaptable to the southern United
States.

From 1946 through 1955 various

crosses and backcrosses

between the Jersey and Red Sindhi breeds were produced and evaluated
for milk production and adaptability in comparison with purebred
Jersey contemporaries.

2.

Animals Used in the Study

In 1956 the breeding experiment was revised and the objectives
were those as set Forth in the introduction.

The foundation females

were assembled during 1956-1957 from the following sources:
Holsteins from Beltsville, M d .

23

Holsteins from Huntley, Mont.

15

Holsteins transferred in dam from Huntley
and Beltsville

10

Jerseys from Beltsville, Md.

17

Jerseys born at Jeanerette

16

Sindhi-Jersey Crossbreds from Tifton, G a .

8

Sindhi-Jersey Crossbreds born atJeanerette

16

The breeding plans to produce both the crossbred gene pool and
the outbred Holstein herd are shown in Figure 1.

Crossbreds were de

signated by the letters B (Brown Swiss), H (Holstein), S (Red Sindhi)
and J (Jersey) with the breed of sire always corresponding to the first
letter and breed of dam to the remaining letter(s) in the combination.
Thus a crossbred animal designated BHSJ was produced by mating a pure
bred Brown Swiss sire to a HSJ crossbred female, which in turn had
been produced by mating a purebred Holstein sire to a foundation SindhiJersey female.

The daughters by crossbred sires were produced by mating

crossbred sires to the purebred-sired crossbred females, and later, in
the gene pool, by mating crossbred sires to both purebred-sired cross
breds and daughters by crossbred sires.

For the purposes of this study,

the crossbred females were divided into only three major breed groups,
according to breed of sire.

Thus the crossbreds by purebred Holstein

sires were called the Holstein crossbred breed group, those by Brown
Swiss sires, the Brown Swiss crossbred group, and those by crossbred
sires, the daughters by crossbred sires breed group.
The purebred Brown Swiss and Holstein sires were selected from
AX on the basis of the performance of their daughters.

The criteria

for selecting Holstein sires were that they must have 100 or more AI
daughters with an average for milk yield of at least one standard
deviation above breed average and with an average milkfat test of at
least 3.65%.

The Brown Swiss sires were selected to meet similar re

quirements on daughter's average, and to have a minimum of 25 AI
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Figure 1.

Breeding plan.

Foundation
Females
Sires

Holstein (48)
Hoi.
B.S.

1st. Gen.
Females
Sires

Hoi.
Hoi.

BH
Hoi.

HJ
B.S.

BJ
Hoi.

HSJ
B.S.

BSJ
Hoi.

2nd Gen.
Females
Sires

Hoi.
Hoi.

HBH
B.S.

BHJ
Hoi.

HBJ
B.S.

BHSJ
Hoi.

HBSJ
B.S.

3rd Gen.
Females
Sires

Hoi.
Hoi.

BHBH

Jersey (33)
Hoi. .
B.S.

Sindhi-Jersey(24)
B.S.
Hoi.

HBHSJ
BHBSJ
BHBJ
HBHJ
Holstein, B. Swiss and Crossbred

V
Overlap AI Sires
to get intra-year
comparisons

Mated in alternate
years to selected
crossbred bulls and
selected Holstein
and Brown Swiss
sires from, AI

Outbred Holsteins

Crossbred Gene Pool
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daughters with an average milkfat test of at least 4.00%.
2 give; progeny test information on

Tables 1 and

all AI sires used in this

study.

The crossbred sires were selected from within the herd, pri
marily on the basis of the breed composition and production of the dam.
The first four crossbred sires were selected to have one-fourth Red
Sindhi inheritance.

Later selections were made to have one-sixteenth

and one-thirty-second Red Sindhi inheritance,respectively.

Finally,

selections for crossbred sires among the three European breeds were
made.

Daughters of the European-crossbred sires were not in production

within the time limits of this study.
four crossbred sires that have had

Progeny test information for the

daughters with production records

in the herd is given in Table 3.

3.

Feeding and Management

It was the practice to raise all the female calves produced in
the herd and then to make selections for replacement, depending upon
the numbers needed, and the magnitude of the first lactation.

All

animals were allowed to complete the first lactation before they were
included as a part of any nutrition or managerial experiments which may
have had some effect upon the level of production.
All replacement heifers were raised on the station.

The young

calves were permitted to suckle the dam for a period of three days
after birth.
placed in

On the fourth day they were removed from the dam and

individual elevated pens with slatted floors.

Feeding of

whole milk at a rate of one pound for each ten pounds body weight per

Table 1
Progeny test information from DHIA sire summaries for sires
of the Holsteins and Holstein crossbreds

Name and Registration No.

Daus Av
Milk
Fat

A d j . Hdmtes.
Difference
Fat
Milk

Predicted
Difference
Milk
Fat

Kanowa King Posch Neptune - 910991
Woosterdale Imperial Dean - 956081
Towerline Rag Apple Lad - 1004323
High Meadow Farm Masterpiece - 929962
Burke Fobes Abbekerk - 833599

13767
13950
13038
13679
12150

508
503
491
491
441

464
439
170
337
69

18
14
19
8
-4

575
482
241
362
119

23
15
22
9
-4

Polytechnic Governor Piebe - 1010936
Pabst Mellow - 1010660
Pabst Walker Roam - 1143527
Atbith T. V. Rag Apple Jim - 1182696
Pabst Rowayne - 992858

14802
13206
12386
14227
12679

547
479
427
541
472

476
581
897
942
136

25
18
22
44
16

595
590
647
945
173

30
19
14
45
17

Carnation Pontiac Dynamo - 1072332
Winterthur Fobes Star Dagon - 1035459
Ideal Burke Elsie Leader - 1150470
Applachian LauKmont: Colanthus - 1137421
Breezewood Champion - 1247237

13264
13510
14463
15004
14097

495
476
522
566
509

34
653
238
200
295

12
13
5
23
6

108
703
409
361
415

15
15
11
29
11

Pabst Rambler Walker - 975138
Carnation Pregressor Helio Boy - 1090981
Spruce Lawn Chieftain Spice - 1240125
Winterthur Zeus Pilot General - 1167632
Osborndale Eric Ormsby Fobes - 1273756

14055
14334
14378
13730
14454

506
517
519
505
554

871
560
516
831
678

18
16
18
25
39

885
623
570
773
736

19
18
19
24
42

Table 2
Progeny test information from DHIA sire summaries for sires of the Brown Swiss drossbreds

Name and Registration No.

Dau Av
Fat'-.
Milk

A d j . Hdmtes.
Difference
Milk
Fat

Predicted
Difference
Fat
Milk

High Meadow Hercules - 64541
Hobbs Farm Clepe's Keeper - 85003
Mayfair Margie's Colonel - 68741
Orangeville Gallant's Buster - 77775
Lee's Hill Lucky Strike - 77887
Judd's Bridge Danny Boy - 87630

11483
11230
11029
11143
10300
11198

485
469
435
449
409
458

454
15
114
-125
-40
-8

29
6
-11
-13
-4
-6

412
57
121
-86
-68
36

26
8
-10
-11
-6
-4

Avon View Danny - 92282
Royal's Tamarind of Lee's Hill - 76059
Avon View Lorraine's Colonel - 102954
Lee's Hill Kayak M. - 99252
P. V. Keeper's Honor - 98386
Spring Valley Envoy - 93771

11133
11240
12364
11295
10189
11340

476
485
516
474
414
480

545
-213
741
-528
108
-54

28
10
30
-13
5
10

241
-139
675
-473
106
-7

13
13
28
-11
1
11

Harry's Blue Boy - 101409
Lee's Hill King Arthur M. - 103297
Younker's Homestead Shamrock - 115009
Sullivan's Duke - 103474
Ivan of Lily Swiss - 108542
Highland Home Nell's Ned D. - 118142

11248
10886
12514
11870
11789
13490

476
467
516
476
497
569

292
-759
743
883
420
902

33
-3
36
43
31
72

282
-596
580
476
241
780

30
2
27
23
18
54

Table 3
Production records of progeny from four crossbred bulls used in the project
Lactation
No.

No.
Animals

iLb
Milk

%
Fat

Lb
Fat

%
SNF

%H, iS, kJ

First
All

4
6

8702
8704

3.90
3.78

339
329

587

%B. iS, iJ

First
All

11
18

7690
8129

3.59
3.74

711

i B , iS. iJ

First
All

8
9

7914
7953

755

%a, is, iJ

First
All

6
6

. First
All

First

Sire
No.

Breed
Composition

580

Average

Contemporary Holstein
Herdmates

%
Prot.

Range Milk

8.97
8.89

3.60
3.58

7987- 9478
7987- 9478

276
304

8.99
8.92

3.53
3.50

5067-10653
5067-10653

3.58
3.58

284
285

8.82
8.83

3.43
3.43

4912-11496
4912-11496

7288
7288

3.67
3.67

268
268

8.95
8.95

3.49
3.49

6451- 8025
6451- 8025

29
39

7808
8047

3.56
3.70

285
298

8.92
8.90

3.49
3.50

4912-11496
4912-11496

17

11238

3.04

342

8.50

3.32

9017-15932

OJ

day was practiced for 30 days.

This was followed by a period of 60

days during which reconstituted skimmilk was fed.

An 18% crude protein

concentrate was placed before the calf when removed from the dam and
was continued free choice through 90 days of age.
free choice.

Alfalfa hay was fed

At 90 days the calves were removed from individual pens

and placed together in large stalls where they were group fed.

Grain

feeding was continued to 6-8 months, at rates not to exceed six pounds
per day and alfalfa hay was fed free choice.

At 6-8 months of age,

depending upon barn space, the calves were put on pasture and supple
mented with grain during the summer months, at rates not to exceed
six pounds per calf per day.

During the winter months, and when

pasture was not available in sufficient quantities at other seasons,
grass or sorghum silage was fed free choice and alyce clover hay was
fed on a limited basis.

When heifers became breeding age they were

removed to a separate herd where they remained until diagnosed pregnant.
After this, they were further separated into a bred heifer herd and
remained until first calving.
Heifers were bred on the first estrus following 17 months of
age, and breeding was continued until the animal was diagnosed pregnant
or reached 26 months of age.

Heifers not pregnant by 26 months were

culled as nonbreeders.
Lactating cows were fed a concentrate mixture containing 18%
crude protein at a rate calculated to exceed the Morrison standard by
10 percent.

However, since 1963 emphasis has been placed upon

challenge feeding of grain to high producers.

Forage feeding to lactating cows has undergone a complete tran
sition since the experiment was initiated in 1956.

Prior to 1961,

little or no silage was fed and the forage program was pasture oriented.
Alfalfa hay was purchased and fed during the winter months.

In 1961 a

silage program was initiated, a concrete feeding and loafing area was
provided in 1962, and by gradual transition the program was developed
until silage was fed on a year-around basis by 1965.

Corn silage p r o 

vided approximately one-half of the forage fed in this form, with oats
and the tall sorghums providing the remainder.

Silage feeding was

supplemented with summer and winter annual pasture when available, and
limited alfalfa hay was fed at all seasons after 1961.
All lactating cows were machine milked twice daily in a conven
tional stanchion barn prior to 1961, and in an 8-stall herringbone
milking parlor after 1961.

Standard procedures were used in prepar

ing cows for milking, and any abnormal milk or udder conditions were
noted and treatment administered where indicated.
Animals were routinely dried off so as to permit a minimum
60-day dry period.

Feeding during the dry period consisted of pasture

as available, alyce clover hay, and/or silage free choice.

An 18%

crude protein concentrate was group fed not to exceed 10 pounds per
animal per day.
Lactating cows were bred on the first estrus following 60 days
post-partum.

Breeding was continued until the animal was diagnosed

pregnant or completed a 305-day lactation.

Animals not pregnant by

the end of the lactation were culled as nonbreeders.

Routine pregnancy
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examinations were made at monthly intervals by rectal palpation, based
on 42-60-day nonreturns to service.

Animals that returned to heat

prior to examination were considered not pregnant.
Every effort was made to maintain high health standards in the
herd at all times.

Careful records of voluntary and involuntary dis

posals and the reasons for disposal, were maintained as a further
measure of performance among the breed groups.
All females were calfhood vaccinated for Brucellosis and all
heifers under 18 months of age were immunized annually against Black
leg.

Annual immunization against Anthrax was made on all females, and

since 1962 all females of breeding age were vaccinated against Lep
tospirosis.
Prior to completion of the first lactation, all disposals
among the greed groups were involuntary, except that a relatively
small number was culled due to physical injury and unthriftiness.
After completion of the first lactation, culling was practiced on the
basis of low production, breeding difficulties and diseases, with no
particular preference given any of the breed groups.

All reduction in

numbers over and above normal culling was made from the aged cow group.

B.

Scope of the Data and Measures of Response
1.

Number of Records and Periods of Study

Records of production, growth, reproduction and livability were
maintained on all females.

Due to the nature of the experiment, numbers

were not equal among the breed groups, and all breed groups were not
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represented at all periods of time.

The number of records and periods

of study for the breed groups are summarized in Tables 4 and 5.

2.

Measurement of Production Traits
a.

Milk Production
Milk production records were compiled on the basis of

daily milk weights for a standard 305-day lactation.

The cows were

milked twice daily beginning at 3:00 A.M. and 1:30 P.M. for the morn
ing and afternoon milkings,respectively. All records were terminated
at 305 days.

Records of less than 305-days were terminated when pro

duction dropped below 12 pounds per day, and were considered complete
unless extenuating circumstances such as mastitis, anaplasmosis, or
physical injury existed.

In this case, where the cause for an abnormal

record was properly identified, the record was extended to 305-days
using length conversion factors as set forth in the BDI-DHIA-10 Herd
Record Book, July 1953 (26).

Further explanation of the standardiza

tion of records is given in the section on statistical analyses.

b . Milkfat Production
Routine testing of milk for percent milkfat and the
other constituents was done on a monthly basis.

During the last week

of each month samples proportionate to the afternoon yield and the
following morning yield were composited and the concentration of milk
fat in the composite sample of fresh milk was determined by the standard
Babcock procedure (5).
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Table 4
Periods of study for the various breed groups

Traits

Holsteins

Holstein
Crossbreds

Brown Swiss
Crossbreds

Production

6/58-12/66

6/58-12/66

5/60-12/66

3/64-12/66

Growth

2/56-12/66

2/56-12/66

3/58-12/66

12/61-12/66

Reproduction

5/57-12/66

5/57-12/66

6/59-12/66

3/63-12/66

Livability

2/56-12/66

2/56-12/66

3/58-12/66

12/61-12/66

Daus. by Cross
bred Sires

Table 5
Number of records for the various breed groups

Holsteins

Holstein
Crossbreds

Production
1st. Lact.
2nd. Lact.
All Lact.

56
41
199

64
43
170

64
40
139

20
8
28

Growth
Birth
6 Mos.
12 Mos.
18 Mos.
24 Mos.

115
96
94
85
72

100
89
81
81
75

115
85
88
86
81

134
101
90
70
. 54

Reproduction^

232

223

250

141

Livability

115

100

115

134

Traits

Brown Swiss
Crossbreds

Daus. by Cross
bred Sires

1/ This is number of reproductive cycles initiated, all cycles
were not completed, thus the number varied for different
measures of reproductive performance.
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c.

Solids-not-fat Production
Solids-not-fat (SNF) percent was determined on the same

composite sample of milk as described in the previous paragraph, using
the Lactometer method (126).

The formula used to calculate SNF percent

from the lactometer reading was that derived by Whittier (129) as
follows:

SNF (percent) = 0 . 3 3 (F) + 273 (L)
L + 1000

- 0.40

Where:
F = percentage of fat by Babcock method
L = lactometer reading in degrees

d.

Protein Production
Facilities for determination of milk protein were not

available until October, 1963.

After this date protein percent was

determined on the same composite sample of milk as previously described,
by the Orange G dye method (4).

e.

4% Fat-corrected-milk Production
The Gaines equation (47) was used to calculate 4% fat-

corrected-milk (FCM) as follows:

FCM (lb) = 0.4 (M) + )5 (F)

Where:
M = pounds of milk
F = pounds of milkfat

.
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f.

Solids-corrected-milk Production
Solids-corrected-milk (SCM) was calculated using the

equation of Tyrrell and Reid (125) as follows:

SCM (lb) = 12.3 (F) + 6.56 (SNF)

Where:

F
SNF
M

. g.

- 0.0752 (M)

= pounds of milkfat
= pounds of solids-not-fat
= pounds of milk

Persistency of Lactation
Persistency indices for the various breed groups were

calculated in the following manner:
7 Persistency =

h.

Total yield for 305 days
x 1Q0
10 X yield for highest month

Days Carried Calf
Days carried calf during the lactation was determined

as the difference in days between date of conception and date of
termination of record.

Animals not pregnant upon termination of

record were given zero days carried calf.

i.

Length of Lactation
Length of lactation was the number of days from the

fourth day post-parturn to the termination of record.
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3.

Measurement of Growth Traits
a.

Body Weight
Each female calf was weighed on the day of birth and

on the first Tuesday of each month as long as she remained in the
herd.

In this study body weights at birth, 6, 12, 18 and 24 months,

30-days post-partum during the first lactation, and average body
weight during the first lactation were considered.

Body weights were

determined on a 3000-lb capacity suspension type scale and were re
corded to the nearest poun<J,.

b.

Body Measurements
Body measurements for height at withers, depth of

forechest, circumference of forechest, length from withers to pinbones, withers to hipbones and hipbones to pinbones were taken at
6, 12, 18 and 24 months of age.
nearest 0.5 centimeter.

Measurements were recorded to the

Measurements for depth and circumference of

forechest were not started until July 1961, and thus did not cover
the entire experimental period.

4.

Measurement of Reproductive Performance
Records of reproductive performance were maintained on

all females beginning at 15 months of age and continuing as long as
they remained in the herd.

Measures considered in this study were:

a.

Days to first post-partum estrus

b.

Days calving to first service

c.

Days open

d.

Calving interval

e.

Services per conception

In order to obtain more observations per animal, responses to
the first four measures in nulliparous heifers were calculated from
15 months of age.

Thus days to first post-partum estrus for nulli

parous animals were measured from 15 months of age to first estrus.
Similar calculations were made for days calving to first service,
days open and calving interval.

Services per conception were based on

a diagnosed pregnancy and did not include sterile animals or those that
were sold or died before diagnosed pregnant.
The relationship of age at calving and level of milk production
during the first 120 days of lactation, to reproductive performance
was measured by calculating correlation coefficients between these
factors and the various measures of reproduction.

5.

Measurement of Livability
Evaluation of livability among the breed groups was made at

five major age intervals characterized by specific types of involun
tary losses as follows:
a . Prenatal Losses
Female losses for prenatal causes included abortions
after 150 days pregnancy where sex was determined,

one-half of abortions

after 150 days where sex was not determined, andstillbirths.

b.

Losses from Birth to Three Months
This age group constituted losses among the breed groups

for the common calfhood diseases, mainly scours and pneumonia.

c.

Losses from 3-15 Months
Animals were disposed at this age interval primarily

for unthriftiness, and physical injuries.
voluntary reasons for disposal.

These are usually considered

However, in the case of unthriftiness,

losses were a reflection of livability under the prevailing conditions,
and were assumed to be involuntary,

d.

Losses from 15-24 Months
Animals were disposed at this age interval, primarily

for failure to begin normal reproductive activity.

e.

Losses from 24 Months to First Lactation
This age interval was characterized by animals disposed

for breeding difficulties.

C.

Standardization of Data and Statistical Analyses
1.

Production Traits
All acceptable lactation records were used to evaluate the

performance of the various breed groups.

Unusual changes in lactation

records that were properly documented with the time and cause of change
were carefully screened in accordance with the conditions set forth in
the BDI-DHIA-10 Herd Record Book, July, 1953 (26).

Where applicable

these records were projected to 305 days from the time the disturbance
occurred.
Only first lactation records were used in the statistical
analyses.

The 5-month rolling herd average for Holsteins was
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calculated on a 2X-305 day-mature equivalent basis, (2X-305day-M.E.)»
beginning in June, 1958, when the first crossbred animal calved, and
continuing each succeeding month through December, 1966.

The respec

tive 2X-305day-M.E., 5-month rolling herd average for Holsteins was
adjusted to the age of calving for each crossbred in the corresponding
month of calving.
mined.

The deviation of each crossbred was then deter

Since the number of Holstein herdmates in some months was

small the observed difference between the crossbred record and the
5-month rolling herd average was weighted by the factor n/n +1.
This procedure was considered more satisfactory than attempting to
adjust the crossbred record to a M.E. basis, since no satisfactory
conversion factors were available for the crossbred groups.
Nested analyses of variance for unequal sub-class numbers (109)
were conducted on the adjusted deviations of the crossbreds from the
5-month rolling herd average of the Holsteins in order to provide tests
of significance among the crossbred breed groups.

Orthogonal compari

sons were made to test for differences between the crossbred breed
groups.
In addition to the analyses of variance on deviations for the
first lactation, means, standard deviations and coefficients of
variability were computed on 2X-305day actual production for first,
second and all lactations.

The t-test for difference between means was

conducted according to the method described by Snedecor (109) for
groups with different numbers of individuals.
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In. order to test for the effects of heterosis, deviations of
the crossbreds from expectations on the basis of additive genetic
variance, were computed for first lactation production.

Records for

the parent breeds were converted to 2X-305day-M.E. and the expected
production for an individual crossbred was calculated according to
the following formula:
Expected production
for 1/2 B, 1/2 H Crossbred

= B/2
R^

+

H/2
R£

Where:
B/2 = one-half the M.E. production for contemporary Brown
Swiss
R^

= the Brown Swiss age conversion factor at age of
crossbred

H/2 ~ one-half the M.E. production for contemporary
Holsteins
R2

“ the Holstein age conversion factor at age of
crossbred

In the case of a BHJ crossbred the formula was:
Expected production for = B/2 + H/4
%B, %H, %J crossbred
R^ R^

+

J/4
R^

The deviation of the crossbred from its expected production
was then determined.
Since purebred Holsteins and Jerseys were the only parent breeds
contemporary to the crossbreds, certain assumptions had to be made in
order to arrive at the expected production of crossbreds with Brown
Swiss and Red Sindhi inheritance.

In the case of Brown Swiss, it was

assumed that breed average for the year a crossbred with a fraction of
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Brown Swiss parentage made a record, plus the predicted differences of
the Brown Swiss sire(s) involved in the cross, was equal to contemporary
production for Brown Swiss.
Where the Red Sindhi breed was involved in the cross, it was
assumed that average first lactation production for the foundation SJ
crossbreds was equal to contemporary production for Sindhi-Jerseys.
Age conversion factors for Jerseys were used to convert production of
SJ crossbreds to M.E.

Thus the expected production for an HSJ cross

bred was calculated as follows:
Expected production for =? H/2
1/2H, 1/2 (SJ) crossbred

+, SJ/2
R2

Where:
H/2 = one-half the M.E. production for contemporary
Holsteins
R-^

= the age conversion factor for Holsteins at age
of crossbred

SJ/2 = one-half the M.E. production for SJ crossbreds
R2

= the Jersey age conversion factor at age of
crossbred

A Chi-square analysis was conducted to test the significance of
the deviation of crossbreds from expectations on the basis of additive
genetic variance.

2.

Growth Traits
Growth data for the four breed groups were divided into

years and seasons (April-September and October-March) according to
date of birth and date of each succeeding weight and measurement
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period.

Nested analyses of variance (109) were conducted to provide

tests of significance among breed groups within year-seasons.

In

addition to the analyses of variance, means, standard deviations and
coefficients of variability were computed for the growth traits at all
ages studied.

The t-test for difference between means was conducted

according to the method described by Snedecor (109) for groups with
different numbers of individuals.

3.

Reproductive Performance
Measures of reproductive performance for the four breed

groups were separated into years and seasons (April-September and
October-March) according to date of calving, and in the case of nulliparous heifers, according to the date the animal reached 15 months of
age.
Nested analyses of variance (109) were conducted to provide
tests of significance among breed groups within year-seasons.

In

addition, means, standard deviations and coefficients of variability
were computed for the measures of reproductive performance and the
t-test for difference between means was conducted as previously de-.
scribed.

Analyses of covariance were conducted and the among breed

group within year-season correlation coefficients were computed to
test the effects of age at calving and milk production during the
first 120 days of lactation, on reproductive performance.
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4.

Livability
Livability was evaluated by making comparisons of the involun

tary loss of animals between the four breed groups.
grouped into prenatal and postnatal losses.

The data were

Postnatal losses were further

separated into the age intervals at which they most commonly occurred;
birth to 3 months, 3-15 months, 15-24 months, and 24 months to first
calving.

A Chi-square analysis was conducted to test the difference

of involuntary losses among and between the breed groups.

IV.

RESULTS AND DISCUSSION

A.

Production Traits

The data for the production traits were analyzed on a first,
second, and all lactations basis.

Due to the nature of the study,

where all females were permitted to complete at least one satisfac
tory lactation before they were used for other experimental purposes,
and where an attempt was made to provide a standard environment
through the first lactation, the first lactation analysis was con
sidered to be the best estimate of the comparative productive per
formance of the four breed groups.

The first lactation analysis

should be free from bias due to culling of animals because of low
production.

The second and later lactations were subject to some

selection bias even though attempts were made to exert equal selection
pressure against low production in all breed groups.

Bias included in

the second lactation analysis would also be included in the analysis
for all lactations but the effect would be diluted because of increased
number of records.

1.

First Lactation Production
Table 6 gives the means, standard deviations and coefficients

of variability for first lactation yield traits, length of first lacta
tion and days carried calf.

These statistics are based on simple
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Table 6
Means, standard deviations and coefficients of variability for first
lactation production for yield traits

Breed Group
Holstein
Mean
S. D.
C. V. %
Hoi. X-bred
Mean
S. D.
C. V. %
B. Swiss X-bred
Mean
S. D.
C. V. %
Daus by X-bred Sires
Mean
S. D.
C. V. %

No.
Obv.

Milk
;<ib)

Fat
(lb)

SNF
(lb)

Protein^
(lb)

FCM
(lb)

2/
SCM^
(lb)

Lgh.
Lact.
(days)

Days
Carr.
Calf

56

9948.9a-7
2179.7
21.9

341.3a
67.2
19.7

861.3a
198.5
23.0

386.3a
78.6
20.3

9126.8a
1867.7
20.5

9077.2a
1900.4
20.9

303.4a
5.0
1.6

142.0b
89.0
62.7

64

9027.9b
2207.7
24.5

344.2a
78.4
22.8

793.5a
199.7
25.2

395.7a
89.3
22.6

8773.7a
1998.2
22.8

8760.4a
2061.2
23.5

299.9b
11.1
3.7

174.3a
67.6
38.7

64

8977.0b
2261.5
25.2

344.9a
79.0
22.9

805.la
199.5
24.8

375.6a
84.4
22.5

8763.2a
2050.8
23.4

8858.1a
2078.4
23.5

291.2b
37.3
12.8

161.8a
72.5
44.8

20

7940.0c
1491.7
18.8

297.4b
54.2
18.2

711.7b
131.9
18.5

280.8b
51.6
18.4

7636.2b
1362.3
17.8

7728.8b
1383.0
17.9

300.5ab
8.3
2.8

176.2a
69.9
39.6

_1/ Number of observations for protein were 23, 24, 24 and 20 for the respective breed groups.
2/ Solids-corrected-milk, see text.
3/ T-test for difference between treatment means.
significantly different (P < 0.05).

Mean values not followed by same letter are
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arithmetic averages of the actual 2X, 305 day records.

It will be

noted that the number of animals to complete a first lactation was
comparable for the first three breed groups, 56, 64, and 64 for
Holsteins, Holstein crossbreds and Brown Swiss crossbreds,respectively.
There were only 20 daughters by crossbred sires that completed a first
lactation within the time limits of this study.

This should be kept

in mind, particularly in the discussion of arithmetic averages where
no adjustments for unequal numbers of lack of contemporaneity were
made.
In first lactation milk yield the purebred Holsteins averaged
about 1000 pounds more milk than either of the purebred-sired crossbred
groups and 2000 pounds more than the daughters by crossbred sires.
Average milk, yield for the two purebred-sired crossbred groups was not
different;. however, each of these two groups produced approximately
1000 pounds more milk during the first lactation than the daughters
by crossbred sires.

There were no significant differences between the

means of Holsteins and the two purebred-sired crossbred groups for the
other first lactation yield traits.

The daughters by crossbred sires

were consistently lower for all of the yield traits than either of
the other breed groups.
In average length of first lactation, the Brown Swiss crossbred
group had 291 days as compared to approximately 300 days for the other
breed groups.

Most of the difference was accounted for by two cows in

the Brown Swiss crossbred group which had records of less than 150 days
in length.

The purebred Holsteins had less days carried calf during
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the first lactation than any of the crossbred groups.

It should be

noted that this trait was highly variable among all the breed groups
as evidenced by the large standard deviations and coefficients of
variability.
Table 7 gives the means, standard deviations and coefficients
of variability for first lactation milk constituents and persistency
of lactation.

The means for Holsteins were significantly lower

(P^O.05) than any of the crossbred groups for percent milkfat, SNF
and protein, except percent protein for daughters by crossbred sires.
Among the crossbred groups the Brown Swiss crossbreds were consistently
higher than the others in test for milk constituents.

In persistency

of lactation the average for each breed group was essentially 80
percent.
The relative variability of the different breed groups in first
lactation responses is of interest.

Note in Tables 6 and 7 that the

coefficients of variability for the daughters by crossbred sires were
lower for each of the production traits than either of the other breed
groups.

It is generally argued that the mating of crossbreds to

crossbred results in the production of a heterogeneous population
which varies unpredictably in yield, size, conformation and constitu
tion, and with no fixed characters.

This classical objection to

crossbreeding is based on the Mendelain law of segregation which in
effect states that when the hybrid reproduces, it transmits with
equal frequency either the dominant character of one parent or t h e recessive character of the other.

This law only applies when the

Table 7
Means, standard deviations and coefficients of variability for first
lactation production. Milk constituents and persistency

Breed Group
Holstein
Mean
S. D.
C. V. %
Hoi. X-bred
Mean
S. D.
C. V. %
B. Swiss X-bred
Mean
S. D.
C. V. %
Daus by X-bred Sires
Mean
S. D.
C. V. 7o

No. .
Obv.

56

Protein^
%

Milk Fat
%

SNF
%

Persistency
%

3.45a—
0.34
9.9

8.60a
0.25
2.9

3.42a
0.32
9.2

79.8a
7.6
9.4

64

3.85b
0.45
11.7

8.79b
0.24
2.7

3.66bc
0.38
10.4

80.8a
7.5
9.2

64

3.87b
0.36
9.3

8.99c
0.26
2.9

3.72c
0.30
8.1

80.1a
12.3
15.4

20

3.76b
0.35
9.3

8.97c
0.18
2.0

3.54ab
0.13
3.6

80. la
7.1
8.8

1/ Number of observations for protein were 23, 24, 24 and 20 for the respective breed groups.
2/ T-test for difference between treatment means.
are significantly different (P <[0.05).

Mean values not followed by same letter

64
characters of study are under monofactorial control.

However, such

characters as milk production in dairy cattle are dependent upon a
large number of genes whose individual effects cannot be isolated, and
whose phenotypic expression is, to a great extent, subject to environ
mental modification.

Thus, variation in milk production for the

daughters by crossbred sires would not be expected to be much greater
than that of the purebred-sired crossbreds.

As noted in Tables 6 and

7, in this study, variation was considerably less among the daughters
by crossbred sires than for any of the other breed groups.

This was

probably a result of small numbers in the daughters by crossbred sires
breed group.

However, the effect was discernable, though of less

magnitude, in the growth and reproduction studies where comparable
numbers were available.

A second reason, and probably the most impor

tant, was the fact that the daughters by crossbred sires made their
records during the latter part of the experimental period when there
was a more standardized feeding and management program.

The standard

deviations and coefficients of variability for the Holsteins and

>

purebred-sired crossbreds were in very good agreement with those re
ported by Evans (41) for Holsteins under comparable conditions.
Since first lactation production was considered to be the best
estimate of the comparative performance of purebreds and crossbreds,
the data for this lactation were subjected to further statistical
analyses.

The 5-month rolling herd average for contemporary Holsteins

was computed as previously described and the deviations of the cross
breds from the 5-month rolling herd average of Holsteins were analyzed
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by the nested analysis of variance technique.

The mean deviations of

the crossbred groups for the various production traits are presented
in Table 8.

In this more refined analysis there are several apparent

conflicts with the arithmetic averages shown in Table 6.
Note that the negative deviations for the purebred-sired cross
breds were much smaller than was indicated in the table of arithmetic
means (Table 6), and in some cases the mean deviations for the cross
breds were positive.

This was particularily true for the Holstein

crossbreds where the mean deviation for the first lactation milk
yield was only -229 pounds, and for the rest of the production traits
the deviations were positive.

Although the mean deviations of the

Brown Swiss crossbreds were smaller than was indicated in Table 6,
this breed group remained inferior to the purebred Holsteins for the
yield traits as indicated by the predominantly negative deviations.
The daughters by crossbred sires remained far below the purebred
Holsteins for all first lactation yield traits.

In fact, after the

data were adjusted for environmental effects the deviations in yield
traits for the daughter by crossbred sires became greater than for the
unadjusted data in Table 6.
Tables 9, 10 and Appendix Tables 1-12 give the results of the
analyses of variance for the deviations of crossbreds from the age
adjusted 5-month rolling herd average of contemporary purebred Holsteins.
In Table 9 the among crossbred breed groups differences for all yield
traits were highly significant (P<^0.01).

Differences in length of

lactation and days carried calf were not significant.

The orthogonal
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Table 8
Mean deviations of the crossbred breed groups from the 5-month
rolling herd average of purebred Holsteins
First lactation production

Production Trait
Lb Milk
% Fat
Lb Fat
% SNF
Lb SNF

Holstein
Crossbreds

B. Swiss
Crossbreds

-229.0

-978.0

0.40
26.0
0.42
13.0

0.41
1.0
0.50
-35.0

Daughters by
Crossbred Sires
-2574.0
0.51
-44.0
0.51
-178.0

% Protein

0.46

Lb Protein

2.0

-17.0

-71.0

Lb FCM

304.0

-372.0

-1695.0

Lb S C M ^

463.0

-152.0

-1559.0

6.6

6.2

2.4

Length Lactation

-1.2

-7.8

-1.1

Days Carried Calf

13.6

-7.9

10.9

% Persistency

_1/ Solids-corrected-milk, see text.

0.48

0.20

67
Table 9
Summary of analyses of variance for deviations of crossbreds from
the 5-month rolling herd average of purebred Holsteins
First lactation yield traits

Production Traits

Purebred-sired Holstein-sired vs
Among Crossbred vs. CrossbredB. Swiss-sired
Breed Groups
sired Crossbreds
Crossbreds____
■Mean square-

Milk yield
Milkfat yield
SNF yield
Protein yield
FCM yield
SCM yield
Lgh. of lact.
Days carr. calf
**

81432587.00**
62082069.00**
59906.10**
56603.62**
432759.89**
584176.00**
339524.56**
672492.45**
52805952.40**
44667383.00**
43791785.00**
54271406.00**
806.13 N.S.
7990.70 N.S.

3294233.40**
53301.12**
281344.20**
6556.68 N.S.
36528284.00**
33312190.90**

F test significant at P ( 0.01 level.

N.S. F test not significant.

Table 10
Summary of analyses of variance for deviations of crossbreds from
the 5-month rolling herd average of purebred Holsteins
First lactation milk constituents and persistency

Production Traits

Purebred-sired Holstein-sired vs.
Among Crossbred vs. CrossbredB. Swiss-sired
Breed Groups
sired Crossbreds
Crossbreds

Milkfat 7o
SNF %
Protein %
Persistency %

0.00093178 N.S.
0.00120544 N.S.
0.0794854*
1.4160718 N.S.

0.1232188*

* F test significant at P ^ 0.05 level.
N.S. F test not significant.

0.0357520 N.S.
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comparisons shown in the last two columns of Table 9 indicated that
the purebred-sired crossbreds were significantly different (P^O.Ol)
from the daughters by crossbred sires, and that the Holstein crossbreds
were significantly different (P<0.01) from Brown Swiss crossbreds
in all yield traits except pounds of protein.

When the mean deviations

for the yield traits were observed (Table 8) it was indicated that the
difference

between purebred-sired crossbreds and daughters by cross

bred sires was in favor of the purebred-sired crosses and that the
difference between the two purebred-sired crossbred groups was in
favor of the Holstein crosses.
In Table 10 the among crossbred breed groups difference in
percent protein was significant (P<0. 0 5 ) while the differences for
percent milkfat, SNF and persistency of lactation were not significant.
The orthogonal comparisons showed that the difference in percent pro
tein was between purebred-sired crossbreds and daughters by crossbred
sires, and again the mean deviations in Table 8 indicated that the
difference was in favor of the purebred-sired crossbreds.
In general, the data for first lactation production indicated
that Holstein crossbreds essentially equaled or were superior to the
purebred Holstein contemporaries.

When production data for Holstein

crossbreds were compared to the age adjusted 5-month rolling herd
average of their Holstein herdmates there was a deviation of 229 pounds
for milk yield in favor of the purebreds.

However, for the other yield

traits; pounds of milkfat, SNF and protein, the deviations were in
favor of the Holstein crossbreds by 26, 13 and 2 pounds, respectively.
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When production was converted to an FCM or SCM basis, which takes into
consideration the composition of milk, the Holstein crosses were
superior to purebred Holsteins by 304 and 463 pounds respectively.
These results are in agreement with reports from other crossbreeding
studies (20, 57, 80, 86) where crossbreds with predominantly Holstein
breeding were found to produce equally as well as purebred Holsteins.
The situation for Brown Swiss crossbreds was somewhat different
in that there were no positive deviations from the 5-month rolling herd
average pf Holsteins for any of the yield traits.

However, this breed

group was equal to the Holsteins in the production of milkfat, and like
the Holstein crossbreds, exceeded the purebred Holsteins in percent
milkfat, SNF and protein by almost 0.5%.

Again, the general trend of

the deviations for Brown Swiss crossbreds were in agreement with re
ports from other stations (20, 57, 80).
predominantly negative deviations was

However, the magnitude of the
not as great as those reported

by McDowell (80) in the Beltsville study or by Johnson, et a l . (57) in
the Georgia study.
It is of interest to compare the unadjusted means in Tables 6
and 7 with the mean deviations of crossbreds from the age adjusted
5 -month rolling herd average of contemporary Holsteins as shown on
Table 8.

The difference for milk yield between the unadjusted means

for Holsteins and Holstein crossbreds was 927 pounds and favored the
purebred Holsteins.

After the data were adjusted for environmental

effects the difference was still in favor of the purebred Holsteins, but
by only 229 pounds.

Thus, the adjustment accounted for 698 pounds of
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the difference noted between unadjusted means.

Similar trends were

noted between the unadjusted and adjusted data for the other yield
traits and for I*CM and SCM.

Thus, it appeared that when the data were

adjusted for environmental effects the adjustment favored the Holstein
crossbreds over the purebred Holsteins.

This suggests that the Hol

stein crossbreds were better adapted to the environmental conditions
of this study than were the purebred Holsteins.

A similar trend was

noted among the Brown Swiss crossbreds in that adjustment of the data
for environmental factors tended to be in their favor.

The picture

for daughters by crossbred sires was reversed in that the adjusted
mean deviations from Holsteins were greater than the differnces b e 
tween the unadjusted means.
Reports in the literature are not in agreement on the effects
of crossbreeding on persistency of lactation.

Fohrman et a l . (44)

reported that crossbreds among the Red Dane, Holstein, Guernsey and
Jersey breeds were more persistent (10%) than the average of the pur e 
bred foundation animals.

The Indiana workers (9) found a highly

significant difference (P<^0.01)

in persistency in favor of crossbreds.

In both these studies crossbreds with Holstein and/or Red Dane breed
ing were more persistent than crosses in which these.breeds were not
involved.

On the other hand, the Illinois workers (94) found no

difference in persistency of lactation between purebreds and cross
breds of the Holstein and Guernsey breeds.

The data in the present

study (see Tables 6, 8, 10) does not indicate that Holstein crossbreds
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were any more persistent than the other crossbred groups or that any
of the crossbred groups were more persistent than purebred Holsteins.
Branton et a l . (24) reported that in crosses involving the Zebu
and European breeds, persistency of lactation was inversely related to
the proportion of Zebu inheritance.

In the present study all of the

daughters by crossbred sires that were in production, and over 50
percent of the purebred-sired crossbreds, had amounts of Red Sindhi
(Zebu) inheritance ranging from one-fourth to one-thirty second.

As

noted in Table 6, persistency of lactation for each breed group
averaged approximately 80 percent.

Thus, it appeared in this study

that the proportion of Red Sindhi was not large enough to have a
significant effect on persistency of lactation.
The average deviations for first lactation production traits of
the crossbred breed groups from the weighted mean of the parental
breeds are shown in Table 11 and Appendix Tables 13, 14 and 15.

Note

in Table 11 that for the two purebred-sired crossbred groups the de
viations were positive for all traits measured except percent milkfat.
The deviations for daughters by crossbred sires were all negative,
however, in most instances they were of small magnitude.

A Chi-square

test for goodness of fit indicated that none of the deviations were
significantly different from what would be expected on the basis of an
additive genetic scheme, and thus, showed no significant effect of
herqtosis from crossbreeding among the four breeds used in this study.
The data for 2-, 3- and 4-breed crosses are not presented in
tabular form.

However, when these values were calculated for the

Table 11
Average deviations of the crossbred breed groups from weighted mean of the parental breeds3
for first lactation production traits-!^
Lb Milk

Obv.

Dev^

Hoi. X-bred

66

B. Swiss X-bred
Daus. by X-bred
Sires

Lb FCM

% Fat

% Dev.

Dev.

7o Dev.

634

7.1

18

5.3

67

805

8.9

12

3.5

29

-32

o
*

Breed Group

Lb Fat

-29

-9.1

Dev.

% Dev.

1
o

No.

Dev.

% Dev.
-1.8

436

5.0

-.23

-5.7

466

5.3

-.35

-8.6

-568

-7.0

1/

These values were obtained by adding fractions of the weighted deviations of the cross
breds from the parental breeds which had been fractionated according to the parentage
of the crossbred group.

2/

Chi-square values for the deviations of crossbreds from the parental mean were non
significant.
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purebred-sired crossbreds, the percent deviations from expected milk
yield were 3.2%, 9.0% and 17.0% for 2-, 3- and 4-breed crosses re
spectively.

In the case of 2-breed crosses this was compared to 5.5%

in the Indiana study (8), 7.7% in the Georgia study (57, 59), 10.8%
in the Beltsville study (93) 3nd 2.9% in the South Carolina study (19).
For 3-breed crosses these same stations reported corresponding percent
deviations of 12.8%, 13.1%, 21.5% and 0.61% respectively.

None of the

stations reported on 4-breed crosses.
In the Georgia report (59) the four crossbred breed groups
studied were of the same breed composition as some of the individual
breed groups in the present study.
were common to both stations.

Thus the HJ, BJ, HBJ and BHJ groups

In Appendix Table 13 it will be noted

the percent deviation from expected for milk yield was 9.0% and 16.5%
for the HJ and HBJ breed groups respectively.

Comparable values for

these breed groups from the Georgia study were 9.0% and 16.0% re
spectively.

In Appendix Table 14 the percent deviation from expected

for milk yield was 11.0% and 18.1% for the BJ and BHJ breed groups,
respectively, and the comparable values from the Georgia study were
7.0% and 10.0%, respectively.

The data for the Holstein crossbreds

agree remarkably well between the two stations, while that for Brown
Swiss crossbreds shows the same trends, although there was considerable
difference in the magnitude of the deviations.

2.

Second Lactation Production
The means, standard deviations and coefficients of vari

ability for second lactation production traits are given in

Tables 12 and 13.

In Table 12 note that the purebred-sired crossbreds

were similar in all responses for yield traits except for pounds of
milk and SNF.

For these two traits the means for Brown Swiss cross

breds were significantly higher (P^.0.05) than those for the Holstein
crossbreds.

The means for purebred Holsteins and Holstein crossbreds

were similar except that the Holstein crossbreds were significantly
higher (P<0.05) in pounds of milkfat.

The means for daughters by

crossbred sires were not different from Holsteins in production of
milkfat, FCM and SCM, and were not different from Holstein crossbreds
in production of FCM and SCM.

There were no significant differences

between the means of the four breed groups for length of second
lactation.
In Table 13, the means for percent milkfat, SNF, protein and
persistency were similar for all crossbred groups, and were signifi
cantly higher (P ^0.05) than those for purebred Holsteins for percent
milkfat and SNF,
When the data in Table 12 were compared to that in Table 6,
the most notable difference observed between the first and second
lactation yield traits was the apparent improvement of the crossbred
breed groups in relation to purebred Holsteins.

Whereas, the

Holsteins were superior for most of the yield traits during the
first lactation, the situation was reversed in the second with the
Brown Swiss crossbreds showing the most striking improvement.

For

example, the average first lactation milk yield for 64 Brown Swiss
crossbreds was 8977 pounds and for 56 purebred Holsteins, 9949 pounds.

Table 12
Means, standard deviations and coefficients of variability for second
lactation production yield traits

Breed Group
Holstein
Mean
S. D.
C. V. %
Hoi. X-bred
Mean
S. D.
C. V. %
B. Swiss X-bred
Mean
S. D.
C. V. %
l
Daughters by
X-bred Sires
Mean
S. D.
C. V. %

No:
Obv.

Milk
fib.)

Milk
Fat
fib)

SNF
(lb)

Protein^
fib)

FCM
fib)

(lb)

Lgh.
Lact.
(days)

Days
Carr.
Calf

297.1a
15.1
5.1

172.2a
80.5
46.7

SCM^

.

_,
10133. 7 3 1 ^
2060.4
20.3

348.4a
76.2
21.9

866.3a
178.7
20.6

400.2a
59.9
15.0

9301.9a
1885.2
20.2

9217.1a
1893.2
20.5

43

10029.4a
2176.4
21.7

396.1b
85.0
21.5

880.9a
196.1
22.3

419.2a
100.4
24.0

9955.5ab
2085.4
20.9 .

9890.9ab
2117.7
21.4

40

11111.0b
2465.4
22.2

420.0b
81.0
19.3

985.0b
203.8
20.7

421.0a
84.4
20.1

10744.0b
2116.2
19.7

8

8707.0c
1037.2
11.9

338.3a
50.3
14.9

767.5c
97.9
12.7

304.1b
38.0
12.5

8448.8a
1144.1
13.5

41

_1/ Number of observations for protein were

300.6a
12.3
4.1

153.8ab
87.6
56.9

10816.0b
2090.2
19.3

297.2a
24.0
8.1

136.2b
77.9
57.2

8458.8a
1158.9
13.7

302.0a
8.5
2.8

165.5ab
88.6
53.7

15, 9,9, and 8 for the respective breed groups.

2/ Solids-corrected-milk, see text.
3/ T-test for difference between treatment
are significantly different
(P < 0.05).

means. Mean values not followed by same

letter

Table 13
Means, standard deviations and coefficients of variability for second
lactation production. Milk constituents and persistency

Breed Group
Holstein
Mean
S. D.
C. V. %
Hoi. X-bred
Mean
S. D.
C. V. %
B. Swiss X-bred
Mean
S. D.
C. V. %
Daus by X-bred Sires
Mean
S. D.
C. V. %

No.
Obv.

41

Milk Fat
%

3.45a— ^
0.34
9.9

SNF
%

Protein^/
%

Persistency
1ffl

8.55a
0.26
3.0

3.49a
0.32
9.1

74.4a
8.1
10.9

43

3.97b
0.42
10.5

8.78b
0.26
2.9

3.55a
0.27
7.7

73.2a
10.1
13.8

40

3.83b
0.45
11.7

8.89b
0.26
2.9

3.73a
0.36
9.6

74.7a
9.4
12.6

8

3.81b
0.21
5.5

8.82b
0.14
1.6

3.49a
0.49
14.0

71.2a
8.2
11.5

_!/ Number of observations for protein were 15, 9, 9 and 8 for the respective Jjreed. groups.
2/ T-test for difference between treatment means.
are significantly different (P <C 0.05).

Mean values not followed by same letter

This was a difference of 972 pounds in favor of Holsteins.

For the

second lactation the Brown Swiss crossbreds produced an average of
11111 pounds of milk compared to 10134 pounds for the Holsteins.

In

this case, the difference was 977 pounds in favor of the Brown Swiss
crossbreds.

Similar differences were noted between these two breed

groups for pounds of SNF, protein, FCM and SCM.

The means of the

Holstein crossbreds were superior to the Holsteins for all second
lactation production traits except total milk yield.

However, the

differences were not as great as for Brown Swiss crossbreds.

The

daughters by crossbred sires group only had eight animals to complete
a second lactation and thus the numbers are too small to make a valid
comparison.
One reason for these differences between first and second lac
tation becomes apparent when the difference in culling rate between
the various breed groups is observed.

After taking into consideration

young cows in the herd that had not completed the second lactation
within the time limits of this study, 77% of the Holsteins that made
a first record completed a second.

Corresponding values for Holstein

crossbreds and Brown Swiss crosshreds were 74% and 68%.

Thus it is

obvious that more crossbreds were disposed of between the first and
second lactation than purebreds.

As will be pointed out later, a much

larger percentage of the Brown Swiss crossbreds was culled for low
production after the first lactation than was purebred Holsteins or
Holstein crossbreds.
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A second reason for the differences in relative performance of
the Holsteins and Brown Swiss crossbreds between the first and second
lactations may have been due to changes in feeding and management prac
tices.

As was noted in Table 4, the first Brown Swiss crossbreds came

into production in May, 1960, as compared to June, 1958, for purebred
Holsteins.

It was also pointed out that a general improvement in

feeding and management of the herd was started in 1961-62 with the
initiation of a silage feeding program and the provision of paved feed
ing areas.

Thus all the Brown Swiss crossbreds made their second

lactation records under improved feeding and management which may have
accounted for some of the

differences observed.

plain why the Brown Swiss

crossbreds made greater improvementrelative

to the Holsteins than did the Holstein crossbreds.

This would also

ex

The Georgia workers

(57) reported similar trends between first and second lactation produc
tion when the crossbreds were compared to purebred Jerseys or Brown
Swiss herdmates.

However, when the crossbreds were compared to Hol

stein herdmates the predominantly negative deviations were larger for
the second lactation than

3.

All Lactations

for the first.

Production

The means, standard deviations and coefficients of variability
for all lactation production traits are given in Tables 14 and 15.

As

noted in Table 14 when all lactations were considered there were no
great differences between the records of purebred Holsteins and the two
purebred-sired crossbred groups.

The means for pounds of milk were

not significantly different for these three breed groups.

In terms of

Table 14
Means, standard deviations and coefficients of variability for all lactation
production for yield traits

No.
Obv.
Holstein
Mean
S. D.
C. V. %
Hoi. X-breds
Mean
S. D.
C. V. %
B. Swiss X-bred
Mean
S. D.
C. V. %
Daus by X-bred
Sires
Mean
S. D.
C. V. %

Milk
(lb)

Fat
(lb)

SNF
Protein^
(lb) .... (lb)

FCM
(lb)

SCM^
(lb)

Lgh.
Lact.
(days)

Days
Carr.
Calf

199

10586.9a^2497.2
23.6

364.la
88.6
24.3

891.2a
214.5
24.1

411.6a
78.1
19.0

9710.8a
2271.1
23.4

9526.7a
2272.1
23.8

300.3a
10.4
3.4

152.9a
81.0
53.0

170

10208.8a
2320.1
22.7

397.9b
90.2
22.7

893.9a
206.8
23.1

432.5a
87.6
20.3

10054.6a
2219.8
, 22.1
1

9990.5a
2239.5
22.4

298.8a
13.0
4.4

170.3b
70.5
41.4

139

10536.2a
2289.0
21.7

403.2b
82.0
20.3

936.6b
196.3
21.0

416.9a
82.9
19.9

10262.0b
2081.0
20.3

10322.4b
2079.5
20.1

294.4a
27.8
9.4

157.8al
74.2
47.0

28

8159.1b
1361.9
16.7

309.1c
53.2
17.2

727.6c
122.2
16.8

287.5b
47.7
16.5

7868.4c
1300.0
16.5

7937.4c
1319.0
16.6

300.9a
8.3
2.8

173.0b
75.2
43.5

1/ Number of observations for protein were 70, 68, 79 and 28 for the respective breed groups.
2/ Solids-corrected milk, see text.
3/ T-test for difference between treatment means.
significantly^ different (P <. 0.05).

Mean values not followed by same letter are

Table 15
Means, Standard Deviations and coefficients of variability for all
lactations production. Milk constituents and persistency

Breed Group
Holstein
Mean
S. D.
C. V. \
Hoi. X-bred
Mean
S. D.
C. V. %
B. Swiss X-bred
Mean
S. D.
C. V. %
Daus by X-bred Sires
Mean
S. D.
C. V. %

No.
Obv.

Milk Fat
%

SNF
%

199

3-.44a='
0.32
9.3

8.42a
0.26
3.1

3.45a
0.31
9.0

74.8a
8.1
10.8

Proteini/
%

Persistency
%

170

3.92b
0.45
11.5

8.76b
0.24
2.7

3.65b
0.29
7.9

75.4ab
8.5
11.3

139

3.86b
0.40
10.4

8.92c
0.28
3.1

3.66b
0.30
9.2

77.2b
10.3
13.3

28

3.77b
0.31
8.2

8.93c
0.17
1.9

3.53ab
0.23
6.5

77.6b
7.3
9.4

If Number of observations for protein were 70, 68, 79 and 28 for the respective breed groups.

If

T-test for difference between treatment means.
are significantly different (P ^ 0.05).

Mean values not followed by same letter
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the other yield traits, all of which ate related to milk composition,
the purebred-sired crossbreds had the advantage over the Holsteins.
However, whole milk continues to be sold by volume, and its composi
tion, other than fat content, is of relatively little economic impor
tance as long as certain minimum requirements are met.

As shown in

Table 15 the average percent milkfat and SNF for all Holstein lactations
were 3.44% and 8.42% respectively.

In both cases this is below the

minimum of 3.8% for milkfat and 8.5% for SNF required by Louisiaiia
state law for the sale of processed fluid milk.

Average percent milkfat

for the crossbred groups was 3.92, 3.86 and 3.77 for Holstein cross
breds, Brown Swiss crossbreds and daughters by crossbred sires,
respectively, and the corresponding averages for percent SNF were
8.76, 8.92 and 8.93 respectively.

B.

Growth Traits

Tables 16, 17, 18 and 19 give the mean body weights of the
various breed groups at birth, and at 6, 12, 18 and 24 months of age,
as well as at 30 days after first calving and average body weight
during the first lactation.

Also given in these tables are the means

for six measures of skeletal growth and fleshing capacity taken at
6, 12, 18 and 24 months of age.

In Table 20, and Appendix Tables 16

through 31, the results of the statistical analyses of growth traits
are presented.
The results of measurements taken at birth, and at 6 months of
age are summarized in Table 16,

Note that the number of observations

Table 16
Means, standard deviations, and coefficients of variability for
growth traits at six months of age

Breed Group
Holstein
Mean
S. D.
C. V. %
Hoi. X-bred
Mean
S. D.
C. V. %
B. Swiss Xbred
Mean
S. D.
C. V. %
Daus by Xbred Sires
Mean
S. D.
C. V. %

If

Birth
Wt
(lb)

Body
Wt
(lb)

96

78.6 a ^
14.1
18.0

323.5a
44.5
13.7

89

73.9b
12.6
17.1

85

101

No.
Obv.

Length
Hips-Pins
(cm)

Depth
Forechest
(cm)

Circum.
Forechest
(cm)

Length
Wi-Pins
(cm)

Length
Wi-Hips
(cm)

89.2a
5.6
6.3

61.0a
4.4
7.2

28.2a
3.3
8.3

46.0b
3.8
8.3

120.5a
9.9
8.2

313.8ab 95.2ab
66.2
4.5
21.1
4.7

87.5b
6.1
6.9

59.7a
4.7
7.9

27.7ab
2.8
10.1

47.2a
4.0
8.5

122.8a
10.5
8.5

78.4a
12.8
16.3

306.7bc 93.6c
44.6
4.4
14.6
4.7

87.5b
5.2
6.0

60.4a
4.5
7.4

27.2b
2.3
8.4

45.0b
4.8
10.7

:.116.8b
7.8
6.6

70.4c
11.3
16.0

270.8d
42.9
15.9

83.0c
6.2
7.4

57.4b
5-.4
9.5

25.4c
2.8
10.9

4 3 .8c
2.9
6.7

114.6b
9.1
8.0

Ht. at
Wi
(cm)

96.4a
4.6
4.8

92.4c
4.6
4.9

T-test for difference between treatment means.
are significantly different (P < 0.05).

Mean values not followed by same letter

Table 17
Means, standard deviations and coefficients of variability for growth
traits at twelve months of age

Breed Group
noistein
Mean
S. D.
C. V. %
Hoi. X-bred
Mean
S. D.
C. V. 7o
B. Swiss X-bred
Mean
S. D.
C. V. %
Daus by X-bred Sires
Mean
S. D.
C. V. %

\!

No.
Obv.

Body
Wt
(lb)

Ht. at
Wi
(cm)

Lgh. Wi
to Pins
(cm)

Lgh. Wi
to Hips
(cm)

Lgh. Hips
to Pins
(cm)

Depth
Forechest
(cm)

Circum.
Forechest
(cm)

94

522.5ai/
86.0
16.4

109.6a
4.6
4.2

105.0a
6.9
6. 6

71.3a
5.1
7.2

33.7a
4.3
12.8

57.1a
4.5
7.8

145.7a
9.4
6.4

81

506.2ab
72.8
14.4

107.6b
4.4
4.0

103.2a
6.0
5.9

69.9a
4.7
6.7

33.5a
3.3
10.0

56.2a
3.5
6.2

142.9ab
12.9
9.0

88

520.9a
94.3
18.1

107.3b
4.6
4.3

104.3a
5.6
5.3

71.1a
4.5
6.3 .

33.2a
3.4
10.1

55.9a
4.4
7.8

143.2ab
12.1
8.5

90

478.2c
66.2
13.8

107.3b
4.8
4.5

107.9b
6.2
5.7

70.3a
4.9
7.0

30.9b
3.3
10.7

54.0b
3.1
5.8

140.3b
7.0
4.8

T-test for difference between treatment means.
are significantly different (P 4. 0.05).

Mean values not followed by same letter

Table 18
Means, standard deviation and coefficients of variability for growth
traits at eighteen months of age

Breed Group
Holstein
Mean
S. D.
C. V. %
Hoi. X-bred
Mean
S. D.
C. V. %
B. Swiss X-bred
Mean
S. D.
C. V. %
Daus. by X-bred Sires
Mean
S. D.
C. V. %

No.
Obv.

Body
Wt
(lb)

Ht. at
Wi.
(cm)

Lgh. Wi. Lgh. Wi.
to Pins to Hips
(cm)
(cm)

Lgh. Hips
to Pins
(cm)

Depth
Forechest
(cm)

Circum.
Forechest
(cm)

85

721.33^
95.8
13.3

119.4a
4.5
3.8

116.0a
5.7
4.9

79.1a
4.4
5.6

37.1a
3.8
10.3

62.7a
3.0
4.8

165.7a
7.0
4.3

81

678.9b
89.4
13.2

116.3b
4.5
3.8

114.1b
5.5
4.8

77.1b
5.0
6.5

36.9a
3.8
10.3

62.7a
2.4
3.9

163.9a
5.7
3.5

86

693.5b
81.8
11.8

115.9b
3.3
2.9

114.8ab :-78.0ab
5.2
4.5
4.6
5.8

36.8a
3.6
9.8

61.7b
3.1
5.0

159.0b
6.9
4.4

70

637.2c
74.8
11.7

114.0c
4.7
4.1

111.8c
6.0
5.4

35.2b
4.2
12.0

59.5c
2.4
4.0

154.9c
6.9
4.4

1/ T-test for difference between treatment means.
are significantly different (P ^0.05).

76.6b
4.4
5.8

Mean values not followed by same letter

Table 19
Means, standard deviations and coefficients of variability for growth traits at twenty-four months
and first lactation

Breed Group
Holstein
Mean
S. D.
C. V. %
Hoi. X-bred
Mean
S. D.
C. V. %
B. Swiss X-bred
Mean
S. D.
C. V. %
Daughters by
X-bred Sires
Mean
S. D.
C. V. 7,

No.
Obv.
72

Body
Wt
(lb)

Ht. at
Wi.
(cm)

1/

Lgh.
Wi. to
Pins
(cm)

Lgh.
Wi. to
Hips
(cm)

Lgh.
Hips
to
Pins
(cm)

Depth
Fore
chest
(cm)

Circ.
Fore
chest
(cm)

39.9a
4.1
10.3

66.1a
3.1
4.8

175.5a

930. Oar1
97.6
10.5

124.8a
3.7
2.9

124.5a
4.9

84.9a
4.7
5.5
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870.1b
104.3
12.0

122.3b
4.1
3.3

122.3b
5.5
4.5

83.0b
4.4
5.2

39.3a
3.6
9.2

65.5ab
4.2
6.4

81

889.7b
95.2
10.7

121.7b
3.7
3.0

123.lab
5.7
4.6

82.9b
4.8
5.8

40.2a
3.6
8.9

54

802.9c
116.8
14.5

120.1c
4.6
3.6

117.5c
5.3
4.5

80.7c
4.3
5.3

36.8b
3.1
8.5

6.1

1/ T-test for difference between treatment means,
significantly different (P < 0.05).

Wt. 30days
PostPartum
(lb)

Av
.Wt
1st
Lact.
(lb)

927.7a
103.7
11.2

1002.1a
93.8
9.4

170.0b
7.4
4.3

875.5b
106.8
12.2

934.4b
118.8
12.7

65. 9a
3.8
5.8

172.8b
6.5
3.7

911.0a
101.7
11.2

973.3ab
97.4
10.0

64.6b
3.6
5.6

164.4c
7.2
4.3

796.5c
96.4
12.1

840.lc
110.1
13.1

6.2
3.6

Mean values not followed by same letter are

Table 20
Summary of analyses of variance of growth traits at 6, 12, 18 and 24 months of age

_________ Among Breed Groups Within Year-seasons_____________
b mos
12 mos
18 mos
24 mos
_ _ _ _ _ _ _ _ _ _ _ _ _
Birth weight
Body weight

Mean square- - - - - - - - - - - -

367.0810**
7248.0249**

8462.7738 N.S.
319.3739 *

23872.5880**

34061.0090**

685.8868**

557.3171**

393.5704 N.S.

939.9178**

Ht. at withers

569.8575**

Length Wi. to pins

892.8301**

6771.8478 N.S.

Length Wi. to hips

500.4976**

238.4228 N.S.

387.5161**

528.2673**

Length hips to pins

149.7495**

102.4770 N.S.

136.7154 N.S.

196.2601**

Depth forechest

250.4130**

284.6302 **

192.5429**

164.1675*

Circum. forechest

2171.4383**

2407.2135**

2242.7486**

1217.5016**

Body wt. 30 days
postpartum, 1st. lact.

24896.7850**

Av body wt. 1st
lactation

35137.1030**

** F

test significant at P K. 0.01 level.

* F
N.S. F

test significant at P ^ 0.05 level.
test not significant.
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for each breed group
production traits.

is considerably larger than was
This was especially true for

the

the case forthe
daughters by

crossbred sires where a total of 101 females were available for birth
weights and the measurements taken at 6 months.

However, many of

these animals had not reached all of the other ages of measurement
within the time limits of this study.
for this breed group

Thus the number of observations

decreased rather sharply at each succeeding age

interval through the first lactation.
It will be observed in Table 16, that mean birth weights for
the four breed groups ranged from 78.6 pounds for purebred Holsteins
down to 70.4 pounds for daughters by crossbred sires.

The analysis

of variance for birth weight (Table 20) indicated a highly signficant
difference

(P^O.Ol) among breed groups while the means in Table 16

indicated that the significance was in favor of the Holsteins and Brown
Swiss crossbreds.

None of the crossbred groups exceeded the Holsteins

in mean birth weight.

The Brown Swiss crossbreds were equal to the

Holsteins, while the means for the other two breed groups were signicantly (P<0.05) below both the Holsteins and Brown Swiss crosses.
This

experiment was not designed to adequately measure the

effect of maternal influence on birth weight of calves since no pure
bred Brown Swiss or Red Sindhi dams were available for comparison.
Yet the maternal effect should have been similar for the Holsteins
and purebred-sired crossbreds since the same dams were mated in
alternate years to Holstein and Brown Swiss sires.

In this case it

appears that breed of sire may have been responsible for the larger
birth weights of Brown Swiss crosses as compared to Holstein crosses.
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The analysis of variance for body weights and measurements at
6 months of age (Table 20) indicated highly significant differences
(P<0.01) among breed groups for all traits.

As noted in Table 16

the means for Holsteins and Holstein crossbreds were similar for all
traits except length from withers to pinbones and depth of forechest.
At 6 months, the Brown Swiss crosses had lost the weight advantage
shown at birth and the means for all traits were significantly (P.^0.05)
below the Holsteins except for length from withers to hips.

The means

for daughters by crossbred sires were significantly (P<^0.05) below
the Holsteins for all measurements taken at 6 months.

Thus it appeared

e"

that the significant differences indicated by the analysis of variance
(Table 20) were due primarily to the inferior growth rates of the Brown
Swiss crossbreds and the daughters by crossbred sires.

As will be

pointed out later, when livability is discussed, there was a much
greater incidence of calfhood scours and pneumonia among these two
breed groups than for the others.

It was also more difficult to get

these calves started on dry concentrate feeds and hay at the early
ages.
The picture at 12 months of age had changed considerably as
indicated by the results of the analysis of variance in Table 20.

The

only significant differences noted among the breed groups were for
height at withers (P^ 0.05) and for depth and circumference of fore
chest (P^0.01).

In Table 17 observe that the means for Holsteins and

purebred-sired crossbred were very similar for all traits and it ap
peared that the significance indicated by the analysis of variance,
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again was due to the inferior growth performance of the daughters by
crossbred sires.

The improved showing of the purebred-sired cross

breds at 12 months of age was compatible with reports from the
literature (17, 32, 51, 59, 107) which indicated that the most marked
effect of heterosis on the growth rate of crossbred calves was between
the ages of 6 and 15 months.

A surprising effect was the apparent

superiority of the Holsteins for the forechest measurements.

The

literature generally attests to the superior fleshing capacity of
crossbreds as measured by these traits (32, 59, 107), yet, at all
ages through 24 months the Holsteins appeared to have the advantage.
A review of the photographs of crossbred animals in Figures 3, 4 and
5 attest to their generally good condition of flesh at ages beyond
24 months.
The means for growth traits as shown in Tables 18 and 19 in
dicated that the purebred Holsteins had regained the advantage for most
of the growth traits by 18 months of age, and retained this advantage
through the first lactation.

The most notable exception was that mean

body weight for Brown Swiss crossbreds was not significantly different
from purebred Holsteins at 30 days after the first calving, or during
the first lactation.

The results of the analysis of variance as shown

in the last two columns of Table 20 indicate that the differences
among breed groups were highly significant (P<0.01) for all traits
except height at withers and length from hipbones to pinbones at 18
months.
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A study of the means and measures of variation in Tables 16 - 19
reveal that in general the purebred Holsteins were superior to all breed
groups in growth characteristics from birth through the first lactation.
The daughters by crossbred sires were generally inferior to the other
breed groups for these traits, while the purebred-sired crossbreds were
somewhat intermediate between the other two breed groups.

It should be

noted that the standard deviations and coefficients of variability were
small.

This was particularly true for the linear measurements taken at

the various ages, and indicated that the growth patterns were similar
for all breed groups.

Thus,

the relative difference between the breed

groups remained about the same from birth through the first lactation,
except for the period from 6-12 months when it appeared that the cross
breds had the advantage over the purebred Holsteins.
Since variation for the linear measurements was low,
for differences between breed group mean$ were significant,

the t-tests
in many

cases, even though the real differences were exceedingly small.

This

was particularly true of differences between the means of Holsteins
and purebred-sired crossbreds, and it was doubtful if the significance
had any true biological meaning in the comparisons between these breed
groups.

On.the other hand,

the differences between the means of Hol

steins and daughters by crossbred sires were generally of sufficient
magnitude as to indicate true biological significance.

Thus, it ap

pears that the highly significant differences indicated in the analy
ses of variance (Table 20) were due primarily to differences between
Holsteins and daughters by crossbred sires.
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The apparent change in growth patterns of purebred and crossbred
calves for the period from
stock.

6 to 12 months of age is not readily under

As previously mentioned reports in the literature (32, 51, 107)

indicate that crossbred calves show the most parked effect of heterosis
at between about 6 and 15 months of age.

This could well have accounted

for some of the differences observed in this study.

However, the average

daily gain curves as plotted in Figure 2, indicated that there was a
general retardation of growth for all breed groups during the period of
6 to 12 months of age.

This was most apparent in the Holstein breed

group, which dropped from the highest average daily gain at 6 months
to near the lowest at 12 months.

In comparison to the normal average

daily gain curve, as computed from the Ragsdale standard for Holsteins,
there was some indication of compensatory growth for all breed groups
between 12 and 18 months of age.

From 18 to 24 months the Holsteins

and purebred-sired crossbreds continued to grow at a normal or slightly
accelerated pace.

The curve for rate of growth for daughters by

crossbred sires was downward from 18 to 21 months and then began to
increase.
In the discussion of feeding and management procedures it was
pointed out that all calves were raised in the barn until at least
6 months of age,. .From 6 to 8 months, depending upon barn space, they
were removed from the barn and placed on pasture.

Feeding of concen

trates was continued during the summer months, and supplemental
roughages were fed during the winter, and at other seasons when pas-,
ture was not available.

The period of retarded growth coincided very

1.8
Ragsdale

1.7

Holsteins

1.6

Hoi. X-breds
-4—

Average

Daily

Gain

1.5

— &—
■

*----- x—

B. Swiss X-breds
Daus by X-bred Sires

1.4
1.3

1.2

1. 1
1.0
,

0.9

/

0.8
0.7

_L
12

15

18

21

24

Age Months
Figure 2,

Average daily gain of breed groups compared to Ragsdale Standard.
Birth to 24 Months.
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Top:

No. 493 (1/2H,1/4S,1/4J)
Age: 8 y r . 3 m o s .

Top:

Bottom: No. 682 (1/2H,1/4B,1/4H)
Age: 5 y r . 6 mos.
Figure 3.

No. 853 (1/2H,1/4B 31/8S,1/8J)
Ag e : 3 y r . 8 m o s .

Bottom: No. 846 (1/2H,1/4B,1/4J)
Age: 3 yr. 10 mos.

Holstein Crossbreds

Top:

No. 488 (1/2B,1/4S,1/4J)
Age: 8 y r . 5 mo s .

Bottom: No. 614 (1/2B,1/2H)
Age: 7 y r . 7 m o s .

Figure 4.

Top:

No. 473 (1/2B,1/4H,1/8S,1/8J)
Age:
8 yr. 10 mos.

Bottom:
No. 810 (1/2B,1/4H,1/4J)
Age:
4 yr. 8 m o s .

Brown Swiss Crossbreds
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Top:

No. 698 (1/4B,1/4H,1/8S,3/8J)
Age:
5 yr. 1 mo.

Bottom:

No. 870 (3/8B,1/4H,3/16S,
3/16J)
Age:
3 yr.

Figure 5.

Daughter

Top:

No. 681 (3/8H,1/4B,3/16S,3/16J)
Age: 5 yr. 4 mos.

Bottom:

No. 884 F 2 (l/2H,l/2J)

Age:

2 yr. 9 mos.

by Crossbred Sires
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closely with the first 4 to 6 months the animals were on pasture.

This

was true irregardless of the season of year the animals were removed
from the barn and despite a good feeding and parasite control program.
Thus, the problem appeared to be of a complex nature and probably in
volved nutrition as well as parasites and climatic factors.

Preliminary

results from studies now under way indicate that if calves are kept on
a stored-feed dry-lot program until 12 months of age there is no
evidence of retarded growth.
No summary was made of mature size and weight beyond the first
lactation for animals in this study.

However, a general idea of the

size and scale of the different crossbred groups may be obtained by
observation of the representative animals pictured in Figures 3, 4
and 5.

G.

Reproductive Performance

The means, standard deviations, and coefficients of variability
for milk production during the first 120 days of lactation, average age
at calving, and for five measures of reproductive performance are given
in Table 21.

Table 22, and Appendix Tables 32, 33 and 34 give the re

sults of the analyses of variance for the fertility traits.
As noted in Table 21, the number of observations for Holsteins
and purebred-sired crossbreds were comparable, while the number for
daughters of crossbred sires was less than for the other groups.

It

should be pointed out that the number of observations was indicative of
the number of animals to start a reproductive cycle.

This number varied

Table 21
Means, standard deviations and coefficients of variability for fertility traits

Breed Group
Holstein
Mean
S. D.
C. V. 7.
Hoi. X-bred
Mean
S. D.
C. V. %
B. Swiss X-bred
Mean
S. D.
C. V. %
Daughters by
X-bred Sires
Mean
S. D.
C. V.

Calving
Interval
(days)

Productioi
1st 120days Lact
(lb)

394.1a
69.4
17.6

5500.7a
1282.5
23.3

Days
Calv. to
1st Ser.

Days
Open

1/
43.3^' 61.2a
26.4
44.9
61.2
73.4

91.5ab
38.0
41.5

117.5a
69.8
59.4

1.65a
1.07
65.0

223

44.3a
23.3
52.7

48.1b
31.0
64.5-

85.8b
30.6
35.7

120.0a
76.4
63.7

1.77ab
1.33
75.30

407.la
81.6
20.0

5252.8ab
1292.4
24.6

250

37.1b
20.2
54.4

51.6bc
43.4
84.1

89.4ab
41.7
46.6

127.4a
73.1
57.3

1.98b
1.54
78.10

406.2a
76.6
18.9

5143.3b
1443.1
28.1

141

24.3c
12.9
53.4

59.Sac
43.9
73.8

96.0a
37.0
38.5

121.0a
57.3
47.4

1.71ab
1.19
69.70

404.2a
56.3
13.9

4053.3c
880.0
21.7

No.
Obv.

232

Ave
Age
(mos)

Days
Calv. to
1st Est.

_1/ T-test for difference between treatment means.
are significantly different (P ^0.05).

Ser. per
Conception

Mean values not followed by same letters
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Table 22
Summary of analyses of variance for fertility traits

Fertility Traits

Among Breed Groups
Within Year-season
Mean square

Days calving to first estrus

3443.0332 *

Days calving to first service

1885.2019 *

Days open

5711.8898 N.S.

Services per conception
Calving interval
Production first 120 days of lactation
** F

test significant at P ^ 0.01 level.

* F

test significant at P ^ 0.05 level.

N.S. F

test not significant.

2.0829 N.S.
8055.0015 *
5982276.4000 **
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among the different traits since all reproductive cycles initiated were
not completed.
The means indicated that the purebred-sired crossbreds returned
to estrus at a shorter interval after calving, than Holsteins or
daughters by crossbred sires.

As would be expected the same difference

was noted for days to first service.

The results of the analysis of

variance in Table 22 showed a significant difference ( P<C; 0.05) among
the breed groups for these two traits.

However, the differences for

days open and services per conception were not significant.

This in

dicated that the longer intervals to first estrus and first service,
shown by the Holsteins and daughters by crossbred sires, were of no
practical significance.

In fact, the mean calving interval for Hol

steins was from 10 to 13 days shorter than for any of the crossbred
groups.

As noted in Table 22, the among breed group differences for

calving interval were significant (P^0.05), and it appeared from the
means the significance was in favor of the Holsteins.

Although it was

not shown in the tabular material the average length of gestation for
Holsteins was 277 days, as compared to 281, 281 and 280 days for Hol
stein crosses, Brown Swiss crosses and daughters by crossbred sires,
respectively.

Thus, it appeared that length of gestation may have

been responsible, to a great extent, for the differences observed in
length of the calving interval.

McDowell (80) reported results of a

similar nature from the crossbreeding study at Beltsville.
The means for milk production during the first 120 days of
lactation were not significantly different for Holsteins and Holstein
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crossbreds.

Means for the two purebred-sired crossbred groups were

not different, while the daughters by crossbred sires were significantly
(P(0.05) below all other breed groups.

Thus, the highly significant

differences (P^ 0.Q1) noted for milk production among the breed groups
(Table 22) appeared to be due to the inferior performance of daughters
by crossbred sires.
Numerous reports in the literature (27, 68, 90, 124) have indi
cated that a high level of milk production during early lactation has
an adverse effect on reproductive performance.

However, it appeared

in this study that there was very little relationship between level of
milk production and reproductive performance.

In Table 23 it will be

observed that the only measure of reproductive performance significantly
correlated (P< 0.05) with milk production during the first 120 days of
lactation was calving interval.

This correlation was of low magnitude,

and based on the square of the correlation coefficient, milk production
accounted for only 7.2% of the total variation in length of the calving
interval.
As noted in Table 23, there was a highly significant (P<C 0.01)
negative correlation between days open antf age at calving, and also
between days to first estrus and age at calving.

This was an indica

tion that as age increased, days open and interval to first post-partum
estrus decreased.

These results are in good agreement with other re

ports in the literature (30, 52, 53, 78, 114).

However, it should be

pointed out that the results reported by Tanabe and Salisbury (114)
emphasized that the relationship was not significant after the fourth
calving.

Table 23
Total correlation

Traits

Prod. 1st
120 days of
Lactation

coefficients for fertility traits

Calving
Interval

Services
per
Conception

0.005

-0.003

-0.131**

-0.171**

-0.044

-0.014

0.258**

0.572**

-0.028

0.515**

Age at calving

0.436**

Days to 1st estrus

0.020

Days ta 1st service

0.006

0.0002

Days Open

0.057

0.198**

Services per conc.

0.069

0.126**

Calving Interval

0.085*

** F test significant at P <£. 0.01 level.

0.721**

Days
Open

Days to 1st
Service

Days to 1st
Estrus
0.085*
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In general, the means and measures of variation for reproductive
performance revealed that there were no consistent differences between
purebreds and crossbreds for any of the traits studied.

Even where an

advantage for the crossbreds occurred, as in days to first estrus,' and
days to first service, the difference was questionable due to the wide
variation within the individual breed groups.

As a rule the variation

for all traits appeared to be far wider between breed groups within
mating systems, than between the two systems themselves.

D.

livability

The causes and percent female calf losses from 150 days post
conception of the dams to 15 months of age, are given in Table 24.
At this interval it was considered that losses would reflect signs of
weakness or lack of viability among breed groups for prenatal condi
tions, and the early postnatal calfhood diseases.

1.

Prenatal Losses

The prenatal losses of females were low for all breed groups,
with the Holstein crossbreds showing a slight advantage in this re
spect.

Of the total number of dams that carried a Holstein crossbred

fetus to 150 days post-conception, 97% produced a normal live calf.
In comparison the other breed groups produced 95% live calves.

The

study by Donald (34) revealed that crossbred dams produced 2.2% fewer
dead calves than purebred dams.

The only valid comparison for this

effect in the present study was the differences in prenatal losses of
Holsteins and daughters by crossbred sires.

The 5 percent prenatal
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Table 24
Causes and percent female calf losses by breed groups from
150-day post-conception of dams to 15 months of age
Daus by
Crossbred
Sires

Holstein

Holstein
Crossbred

Total pregnant dams 150
days post-concept. 1/

121

103

120

141

Total calves born alive

115

100

115

134

6

3

5

7

Cause of Disposal

Total calves born dead 2r/
7o born alive

B. Swiss
Crossbred

95.0

97.0

95.8

95.0

% born dead

5.0

3.0

4.2

5.0

% died of scours

2.6

4.0

5.2

5.2

% died of pneumonia

2.6

4.0

6.1

3.1

7a died of blackleg

0.9

7a died of bloat

0.9

7a died unknown cause

0.9

7a sold, unthrifty

1.7

7a sold, lameness

1.0

3.0
0.7

% sold, freemartin

0.9

7a sold, physical injury

0.9

% disposed all causes

8.6

0.7
1.5

11.0

14.8

11.2

1/ Pregnant dam was identified according to breed group of fetus
being carried.
2/ This includes abortions after 150 days where sex was determined,
one half of abortions after 150 days where sex was not deter
mined, and still births.
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losses for each group indicated no differences between purebreds and
crossbreds for this effect.

The work by Donald (32) also indicated

that the maternal gentotype had no influence on prenatal death losses.
The data in the present study was in agreement with Donald's results,
since there were no apparent differences in abortion rates or still
births between the Holstein and daughters by crossbred sire.breed
gr oup s .

2.

Postnatal Losses
Of the female calves born alive, it was shown in Table 24, that

8.6% of the Holsteins failed to reach 15 months of age.
pared to 11.0% for Holstein crossbreds,

This was com

14.8% for Brown Swiss crossbreds

and 11.2%, for daughters by crossbred sires.

The Chi-square tests for

differences in death losses from birth to 3 months and from 3 to 15
months, showed no significant differences among the breed groups
(Table 26).

As can be seen in Table 24, a larger percentage of the

Brown Swiss crosses and daughters by crossbred sires was lost from
scours than was true for the other breed groups.

Although these dif

ferences were not significant, as indicated by the Chi-square tests, it
can be stated from observations of the overall calf raising program,
that Brown Swiss crosses and daughters of crossbred sires were the
most difficult to raise up to 15 months of age.
The data in Table 25 presents the causes and percent female
disposals from 15 months of age to first calving.

Note that the total

percent disposed for this age was lowest for Brown Swiss crossbreds.
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Table 25
Causes and percent female disposals by breed groups from
15 months of age to first calving

Cause for Disposal
Total at 15 mos. of age

Holstein

Holstein
Crossbred

B. Swiss
Crossbred

Daus by
Crossbred
JSires

87

86

88

98

Total that could have reached
1st calving If
78

83

87

62

Total reached 1st calving

65

70

80

51

Total disposed for cause

13

13

7

11

% breeding trouble

10.3

12.0

8.0

11.3

% Anaplasmosis

1.3

% lameness

1.3

% Hardware

1.3

% Metritis

1.3

% Unthrifty

1.3

% physical injury
% disposed for all causes

16.7

1.6

1.2

3.2

2.4

1.6

15.7

8.0

11.3

If The discrepancy between the first two items was due to heifers
still in the herd that had not reached first calving.

Table 26
Losses from death, sterility, etc., of the different breed groups.

Breed Groups

No. at start
of period

Birth through first calving

No. Left Herd for Cause
No.
%

Chi-square
Among Breed Groups

Birth to 3 Months
Holsteins
Hoi. X-breds
B. Swiss X-breds
Daus. by X-bred Sires

115
100
115
134

5
6
12
10

4.3
6.0
10.4
7.4

92
91
93
104

4
5
5
5

4.3
5.5
5.4
5.8

79
83
88
72

5
2
3
1

6.3
2.4
3.4
1.4

72
81
84
59

9
11
4
10

12.5
13.6
4.8
16.9

3.55 N.S.

3 - 1 5 Months
Holstein
Hoi. X-breds
B. Swiss X-breds
Daus. by X-bred Sires

0.091 N.S.

15 - 24 Months
Holsteins
Hoi. X-breds
B. Swiss X-breds
Daus. by X-bred Sires

3.09 N.S.

24 Months to First Calving
5.89 N.S.
106

Holsteins
Hoi. X-breds
B. Swiss X-breds
Daus. by X-bred Sires
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Holsteins and Holstein crosses were similar in this respect, while the
daughters by crossbred sires were intermediate between the high and
low groups.

The differences in losses among the breed groups at this
\

age interval were not significant as indicated by the Chi-square tests
in Table 26.

The primary cause for disposals from 15 months of age

to first calving was breeding trouble.

Animals disposed for this cause

included those that failed to conceive after repeated breedings, which
were started at the first estrus after 17 months of age and continued
through 26 months.

In a few cases animals that did not show signs of

estrual activity were disposed before 26 months upon the recommendation
of a competent veterinarian.
Only 8% of the Brown Swiss crossbreds were disposed for breeding
trouble during the period of 15 months of age to first calving.
was compared to 10.3% for Holsteins,

This

12.0% for Holstein crossbreds,

and 11.3% for daughters by crossbred sires.

These losses for breeding

trouble among heifers are in agreement with the-.results of Becker, e_t
a l . (11), which indicated that for the period from one year of age to
first calving, approximately 10% of all heifers left the herd for
failure to breed.
In Table 25, it was of interest to note

that 1.3% of Holsteins

and 1.6% of daughters by crossbred sires died from anaplasmosis, before
the first calving.

Animals of this age are usually not susceptible to

anaplasmosis in areas where calfhood exposure to the disease is wide
spread.
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The percent disposals of females for all causes from birth to
the third calving are presented in Table 27.

In this table the number

that could have reached third calving was a reflection of animals that
did reach this age, plus all those disposed for a cause, but would
have been old enough to reach third calving had they lived.

Note that

the total number that could have reached third calving was small for
daughters by crossbred sires.

The greater proportion of animals in

this breed group was still in the herd, but had not reached third
calving within the time limits of this study.
The first ranking cause for animals leaving the herd from birth
through the third calving was breeding trouble.

A greater percentage

of the Holsteins and Holstein crossbreds left the herd for this reason
than was true for the other breed groups.

The second ranking cause was

low production, and as mentioned in the discussion of milk production,
a greater percentage of the Brown Swiss crossbreds and daughters by
crossbred sires were disposed for this reason than was the case for
the other breed groups.
Anaplasmosis was the third ranking cause for animals leaving
the herd.

The data in Table 27 indicated that more of the Holsteins

and Holstein crossbreds were disposed for this reason than either of
the other breed groups.

However when the comparative ages of the animals

in the different breed groups were considered, there did not appear to
be any significant difference between the breed groups in the incidence
of the disease.
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Table 27
Causes and percent disposal of females by breed groups
from birth through third calving
Daus by
Crossbred
Sires

Holstein

Holstein
Crossbred

115

100

115

134

Total that could have reached
third calving JL/'

79

81

96

51

Total that did reach third
calving

24

37

36

5

Total disposal for cause

55

44

60

46

% disposed for cause

69.6

54.3

62.5

90.2

% breeding trouble

25.3

19.7

14.5

15.7

% low production

7.6

3.7

16.7

31.4

7o Anaplasmosis

8.9

6.1

4.2

3.9

7o Mastitis

1.3

7.4

8.3

2.0

% Scours

2.5

4.9

6.3

9.8

% Pneumonia

5 .,1

3.7

7.3

9.8

% physical injury

5.1

2.5

5.9

% Unthrifty

2.5

4.9

3.9

% Lameness

3.8

1.2

2.0

7. Hardware

2.5

Cause of Disposal
Total born alive

7o Miscellaneous

2/

5.0

B. Swiss
Crossbred

5.5

5.8

1/ The discrepancy between the first two items was due to animals
still in the herd that had not reached third calving.
2/ For Holsteins, one each metritis, paralysis at calving, bloat
and unknown cause.
For B. Swiss X-breds , one each freemartin, blackleg, bloat,
paralysis at calving, and unknown cause.
For Daus by X-bred sires, one each inverted uterus, freemar
tin and unknown cause.
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Mastitis did not appear to be a problem in the Holsteins and
daughters by crossbred sires breed groups.

Since this disease is

more prevalent in second or later lactations, the relatively small
numbers in the daughters by crossbred sires made the results for this
breed group misleading.

The percentage of animals disposed for

mastitis in the purebred-sired crossbred groups was considerably
larger than for Holsteins.

This was probably a result of the large

meaty, pendulous type udders, which were characteristic of crossbreds
with Red Sindhi inheritance.

Typical examples of this type udder are

shown in Figures 3 and 4 by the HSJ and BSJ crossbred cows, respectively.
The losses for scours and pneumonia have been discussed.

How

ever, it should be pointed out that where all causes for disposal
were considered, as in Table 27, the losses due to these calfhood
diseases were even more indicative of the problems encountered in
raising calves among the Brown Swiss crosses and daughters by crossbred
sires.
The data presented in Tables 24-27 revealed that for overall
livability there was little to choose from between the purebreds and
crossbreds.

When specific reasons for animals leaving the herd were

considered, some differences among the breed groups became apparent.
A. larger percentage of Holsteins and Holstein crosses were disposed
for breeding difficulties in comparison with the other two breed groups.
On the other hand, more of the Browp Swiss crosses and daughters by
crossbred sires left the herd due to calfhood diseases and low produc
tion.

Again, there was no evidence to support one system of mating

Ill
over the other.

As was true for reproductive performance, it appeared

that for liability, variation between breed groups within the cross
breeding system of mating was far wider than variation between purebreds
and crossbreds.
The results of this study differed from those reported by
Dickinson and Touchberry (33) in that no effects of heterosis on
livability were evident.

The Illinois workers (33) found that over

twice as many purebreds were lost from the herd as crossbreds, and
attributed the apparent superiority of crossbreds to the effects of
heterosis.

However, it appeared that in the Illinois report a dispro

portionately large number of purebred losses was due to only one of
the pure breeds.
heterotic effects.

This may have accounted for most of the apparent

V.

SUMMARY

Comparisons were made of the production, growth, reproduction
and livability performances of purebred Holstein and crossbred dairy
cattle in the Iberia Livestock Experiment Station herd for the period
1956-1966.

The crossbred animals included various 2-, 3-, and 4-breed

combinations of the Holstein, Brown Swiss, Jersey and Red Sindhi breeds.
The cattle were divided into four breed groups as follows:

purebred

Holsteins, Holstein-sired crossbreds, Brown-sired crossbreds and daugh
ters by crossbred sires.

Number of production, growth, reproduction

and livability records available for study were:

Holsteins, 199, 115,

232 and 115, respectively; Holstein crossbreds, 170, 100, 223, and 100,
respectively; Brown Swiss crossbreds, 139, 115, 250 and 115, respectively;
and daughters by crossbred sires, 28, 134, 141, and 134, respectively.
Averages and measures of variation for the production traits were
determined on a first, second and all lactations basis.

Production data

for daughters by crossbred sires were limited since the first of these
animals did not come into production until 1964.

Statistical analyses

of the first lactation were conducted on the deviations of crossbreds
from the age adjusted 5-month rolling herd average of purebred Holsteins
by the nested analysis of variance technique.

Orthogonal comparisons

were made to test the differences between breed groups.

The effects of

heterosis on the first lactation performance of crossbreds were estimated
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by analyzing the deviation of the crossbreds from the age adjusted means
of the parent breeds.
Averages and measures of variability were determined on body weight
at birth, at 6, 12, 18 and 24 months of age, and during the first lacta
tion.

Similar statistics were determined for six measures of skeletal

growth at 6, 12, 18 and 24 months of age.

Statistical analyses of the

growth data were conducted on an among breed groups, within year-seasons
basis, by the nested analysis of variance technique.
Averages and measures of variability were determined on five meas
ures of reproductive performance, age at calving, and milk production
during the first 120 days of lactation.

Statistical analyses of the meas

ures of reproductive performance were conducted on an among breed groups,
within year-seasons basis, by the nested analysis of variance technique.
The effects of age at calving and level of production on reproductive
performance were estimated by analysis of covariance.
Comparative livability of the breed groups

was

determined by study

ing the involuntary prenatal and postnatal death losses.

Differences in

livability were analyzed by the Chi-square test for goodness of fit.
For first lactation milk yield the mean deviations of crossbreds
from the age adjusted 5-month rolling herd average of contemporary pure
bred Holsteins were -229, -973 and -2574 pounds for Holstein crossbreds,
Brown Swiss crossbreds and daughters by crossbred sires, respectively.
The deviations for purebred-sired crossbreds were significantly different
(P <^0.0l) from daughters by crossbred sires, and Holstein crossbreds were
significantly different (P 4, 0.01) from Brown Swiss crossbreds.

For the
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other first lactation yield traits (lb milkfat, SNF, protein, FCM and
SCM), Holstein crossbreds were superior to all other breed groups.
For first lactation milk constituents (% milkfat, SNF, and pro
tein), each of the crossbred groups averaged approximately 0.50% more
in test than purebred Holsteins.

Differences between purebred-sired

—

crossbreds and daughters by crossbred sires were significant (P.^0.05)
for percent protein, but were not significant for the other constituents.
No significant differences were noted between the breed groups for length
of first lactation, days carried calf and persistency of lactation.
When first lactation animals in the crossbred groups were com
pared to the appropriately weighted means of the parent breeds, the de
viations of crossbreds from the midparental means were not significantly
different from what was expected on the basis of an additive genetic
scheme.

Thus, no evidence was noted for heterosis from crossbreeding be

tween the four breeds used in this study.
When means for second lactation yield traits were compared, the
Brown Swiss crossbreds produced significantly more (P ^

0.05) milk, milk

fat, SNF, FCM and SCM than Holsteins and daughters by crossbred sires,
and significantly more (P ^ 0.05) milk and SNF than Holstein crossbreds.
However, culling for low production after the first lactation was greater
among Brown Swiss crossbreds than for Holsteins or Holstein crossbreds.
The means for second lactation milk constituents were signifi
cantly higher (P ^ 0.05) for each of the crossbred groups than those for
Holsteins, except that there were no significant differences between the
breed groups for percent protein.
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When all lactations were considered, the means for total milk
yield were not significantly different for Holsteins and purebred-sired
crosses.

The mean for daughters by crossbred sires was significantly

lower (P ^ 0.05) than for each of the other breed groups.

For the other

yield traits, and for the milk constituents, ranking of the breed group
means for all lactations were very similar to those noted for the second
lactation.
For all of the growth traits from birth through the first lacta
tion, the means for purebred Holsteins were consistently superior to
those for all other breed groups.

The growth means for daughters by cross

bred sires were generally inferior to those for the other breed groups,
while growth means for purebred-sired crossbreds were intermediate be
tween the other two groups.
Statistical analyses of the growth data indicated that differences
among the breed groups, within year-seasons were highly significant
(P ^ 0.01) for all measurements taken at birth and at 6 months of age.
At 12 months of age the differences for depth and circumference of fore
chest were highly significant (P
withers were significant (P

0.01).

Differences for height at

0.05), while differences for the other

measurements were not significant.

At 18 months of age the differences

for length from withers to pinbones and hipbones to pinbones were not sig
nificant, while those for all other measures were highly significant
(P ^.0.01).

Differences for depth of forechest were significant (P

0.05)

at 24 months of age, while those for all other measurements at 24 months
and during the first lactation were highly significant '{'P 4.0.01).
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Although there was no valid test for differences between breed groups,
the significance appeared to be due primarily to differences between
Holsteins and daughters by crossbred sires.
There was a general convergence of average daily gain curves
among the breed groups for the period of growth between 6 and 12 months
of age.

The rate of growth was retarded for all breed groups during

this period but was most apparent for purebred Holsteins.

This retarda

tion of growth coincided very closely with the 6-month period after the
calves were first placed on pasture.

These observations served to empha

size an important problem in the calf raising program of dairy farmers in
the Gulf Coast area.
For measures of reproductive performance, the purebred Holsteins
had significantly (P < 0.05) more days to first post-partum estrus, and
days to first service than the purebred-sired crossbreds, but were not
different from the daughters by crossbred sires for these traits.

There

were no significant differences among the breed groups for days open and
services per conception.

Thus, the longer intervals to first post-partum

estrus and first service shown by the Holsteins and daughters by crossbred
sires were of no practical significance.
Age at calving was correlated (P < 0.05) with days to first post
partum estrus, and negatively correlated (P ^0.01) with days to first
service and days open.

Thus, in these data, days to first post-partum

estrus increased with increasing age, while days to first service and
days open decreased with increasing age.

The magnitude of these corre

lations were small, and in all three instances the variation due to age
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at calving was less than 20% of the total variation for the measures of
reproductive performance.
Level of milk production was correlated (P ^ 0.05) with length
of calving interval.

Again the correlation was of low magnitude and

level of production contributed less than 107. of the total variation
for calving interval.
There were no significant differences in over-all livability of
animals in the four breed groups.

Prenatal losses of females due to

abortions and stillbirths amounted to 5.0, 3.0, 4.2 and 5.0 percent for
Holsteins, Holstein crossbreds, Brown Swiss crossbreds and daughters by
crossbred sires, respectively.

Corresponding postnatal losses from birth

to 15 months of age were 8.6, 11.0, 14.8 and 11.2 percent, respectively,
and from 15 months of age to first calving, 16.7, 15.7, 8.0 and 11.3
percent, respectively.
When reasons for disposal for all causes from birth through the
third calving were considered, breeding trouble was the first ranking
cause.

A larger percentage of Holsteins and Holstein crosses were dis

posed of for failure to breed than was true for the other breed groups.
Low production was the second ranking cause for disposals and more of
the Brown Swiss crosses and daughters by crossbred sires left the herd
for this reason as compared to the other breed groups.
ranked third in total disposals.
for all breed groups.

Anaplasmosis

Losses for this cause were similar

Approximately 8% of the purebred-sired crossbreds

were disposed of for mastitis as compared to less than 2% for purebred
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Holsteins.

The greater incidence of mastitis among the purebred-sired

crossbreds appeared to be related to the large pendulous udders which
were characteristic of crossbreds with Red Sindhi inheritance.

VI.

CONCLUSIONS

The data from 10 years of crossbreeding among the Holstein, Brown
Swiss, Jersey and Red Sindhi breeds of cattle were analyzed, in compari
son to outcrossing within the Holstein breed, as systems of mating for
improved production efficiency under Gulf Coast conditions.
The results of this study focused attention on several problems
which are somewhat peculiar to a dairy operation in this area.

It was

indicated that as feeding and management were improved through the ini
tiation of a modified stored feed-dry lot operation, there was a corre
sponding increase in the production responses of the cattle.

Thus, the

full genetic potential of dairy cattle in this area cannot be realized
when major dependence is placed on a pasture-oriented program for the
production of high quality forages.
The data also indicated that there was a serious retardation of
growth among replacement heifers during the period from 6 to 12 months
of age.

Even though rate of growth returned to normal by 18 months of

age, purebred Holstein heifers averaged almost 200 pounds less in body
weight at first calving than comparable animals in more temperate areas.
Preliminary results indicated that when calves were kept on paved dry
lot areas until 12 months of age, growth proceeded at a normal rate.
More research is needed in the field of raising replacement heifers.
Diseases continued to be a problem in the area.

Anaplasmosis

was responsible for approximately 8% of all involuntary losses of cattle
119
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during the 10-year period of study.

The large pendulous udders and

slow milking tendencies, which are characteristic of crossbreds with
Red Sindhi inheritance, made them particularly susceptible to mastitis
under the low, wet and muddy conditions of this area.
Despite these problems it was considered that fair comparisons
were obtained on the cattle in this experiment, especially the Holsteins
and purebred-sired crossbreds.

The results indicated that the following

conclusions were justified.
1.

Under the conditions of this study purebred Holsteins, for most

of the performance traits, were equal or superior to all other breed groups.
Thus, it appeared that dairy cattle breeders in the Gulf Coast area would
profit more from selective breeding within the existing European breeds
of dairy cattle than from either of the programs of crossbreeding con
sidered in the study.
2.

On the other hand, if a commercial dairyman had no particular

breed preference he could pursue, with profit, a crossbreeding program
among the European breeds of dairy cattle so long as good AI proved sires
were used.

In fact, the data from this study indicated that during the

later lactations such crossbreds may have an advantage over out-crossed
Holsteins.
3.

Although insufficient data were obtained for the proper evalu

ation of daughters by crossbred sires, from the results to date the use
of crossbred sires, particularly those with Red Sindhi breeding, is not
recommended.

However, further research is needed to evaluate the use of

European crossbred sires and selection from a genetic pool of breeds.
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4.

The results of this study confirmed previous conclusions re

garding Red Sindhi inheritance in a system of crossbreeding for the
improvement of dairy cattle adaptability.

The low productive merit,

slow growth rates, undesirable temperament and susceptibility to mas
titis and udder troubles, in animals with as little as one-eighth Red
Sindhi inheritance, far outweighed their slight advantage in physiologi
cal adaptability.

VII.
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Appendix Table 1
Analysis of variance of deviations of crossbreds from the
5-month rolling herd average of purebred Holsteins
First lactation milkfat yield

Source

df

Total

147

Among Breed Groups

SS

MS

804961.91

2.

113207.24

56603.62**

Purebred-sired vs Cross
bred-sired Crossbreds

1

59906.10

59906.10**

Holstein-sired vs. B.
Swiss-sired Crossbreds

1

53301.12

53301.12**

Within Breed Groups
**

145

691754.67

F test significant at

4770.72

0.01 level.

Appendix Table 2
Analysis of variance of deviations of crossbreds from the
5 month rolling herd average of purebred Holsteins
First lactation milk yield

Source

df

Total

147

601827990.00

2

124164140.00

62082069.00**

Among Breed Groups

SS

MS

Purebred-sired vs Cross'
bred-sired Crossbreds

1

81432587.00

81432587.00**

Holstein-sired vs. B.
Swiss-sired Crossbreds

1

42731603.50

42731603.50**

Within Breed Groups

**

145

F test significant at

477663840.00
0.01 level.

3294233.40
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Appendix Table 3
Analysis of variance of deviations of crossbreds from the
5-month rolling herd average of purebred Holsteins
First lactation SNF yield

Source

df

Total

147

4506986.40

2

865519.78

432759.89**

Among Breed Groups

SS

MS

Purebred-sired vs. Cross
bred-sired Crossbreds

1

584176.00

584176.00**

Holstein^sired vs. B . Swiss-sired Crossbreds

1

281344.20

281344.20**

Within Breed Groups
**

3641466/70

145

25113.56

F test significant at P < 0.01 level.

Appendix Table 4
Analysis of variance of deviations of crossbreds from the
5-month rolling herd average of purebred Holsteins
First Lactation Protein Yield
■
Source

df

Total
Among Breed Groups

" 1
SS

67

3907949.30

2

679049.13

339524.56**

672492.45**

Purebred-sired vs Cross
bred-sired Crossbreds

1

672492.45

Holstein-sired vs B.
Swiss-sired Crossbreds

1

6556.68

Within Breed Groups
**
N.S.

MS

65

3228900.10

F test significant at P ^ 0.01 level.
F test not significant.

6556.68 N.S.
49675.39
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Appendix Table 5
Analysis of variance of deviations of crossbreds from the
5-month rolling herd average of purebred Holsteins
First lactation FCM yield
SS

Source

df;

Total

147

512751070.00

2

89334765.00

44667383.00**

Among Breed Groups

MS

Purebred-sired vs Cross
bred-sired Crossbreds

1

52805952.40

52805952.40**

Hols te in-s ired v s . B .
Swiss-sired Crossbreds

1

36528284.00

36528284.00**

Within Breed Groups
**

423416310.00

145

2920112.50

F test significant at T? K. 0.01 level.

Appendix Table 6
Analysis of variance of deviations of crossbreds from the
5-month rolling herd average of purebred Holsteins
First lactation SCM yield
Source

df

Total

147

512144060.00

2

87583570.00

43791785.00**

Among Breed Groups

SS

MS

Purebred-sired vs Cross
bred-sired Crossbreds

1

54271406.00

54271406.00**

Holstein-sired vs. B.
Swiss-sired Crossbreds

1

33312190.90

33312190.90**

Within Breed Groups
**

145

424560490.00

F test significant at P ^ 0 , 0 1 level.

2928003.40
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Appendix Table 7
Analysis of variance of deviations of crossbreds from the
5-month rolling herd average of purebred Holsteins
Length of first lactation

Source

df

Total

147

98166.66

2

1612.25

145

96554.42

Among Breed Groups
Within Breed Groups
N.S.

SS

MS

806.13 N.S.
665.89

F test not significant.

Appendix Table 8
Analysis of variance of deviations of crossbreds from the
5-month rolling herd average of purebred Holsteins
Days carried calf, first lactation

Source

df

Total

147

945182.18

2

15981.40

145

929200.78

Among Breed Groups
Within Breed Groups
N.S.

SS

F test not significant.

MS

7990.70 N.S.
6408.28
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Appendix Table 9
Analysis of variance of deviations of crossbreds from the
5-month rolling herd average of purebred Holsteins
First lactation milkfat percent

Source

df

Total

147

0.19995164

2

0.00186356

0.00093178 N.S.

145

0.19808808

0.00136612

Among Breed Groups
Within Breed Groups
N. S.

SS

MS

F test not significant.

Appendix Table 10
Analysis of variance of deviations of crossbreds from the
5-month rolling herd average of purebred Holsteins
First lactation SNF percent

Source

df

Total

147

0.09938856

2

0.00241089

0.00120544 N.S.

145

0.09697767

0.00066881

Among Breed Groups
Within Breed Groups
N.S.

SS

F test not significant.

MS
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Appendix Table 11
Analysis of variance of deviations of crossbreds from the
5-month rolling herd average of purebred Holsteins
First lactation protein percent

Source

SS

df

Total

MS

67

1.7720069

2

0.1589708

0.0794854*

Among Breed Groups
Purebred-sired vs. Cross
bred-sired Crossbreds

1

0.1232188

0.1232188*

Holstein-sired vs B.
Swiss-sired Crossbreds

1

0.0357520

0.0357520 N.S.

1.6130361

0.0248159

Within Breed Groups

*
N.S.

65

F test significant at P < 0.05 level.
F test not significant.

Appendix Table 12
Analysis of variance of deviations of crossbreds from the
5-month rolling herd average of purebred Holsteins
First laction percent persistency

Source

df

Total

147

141.9027000

2

2.8321437

145

139.0705500

Among Bree4 Groups
Within Breed Groups

N.S.

SS

F test not significant.

MS

1.4160718 N.S.
0.9591073

Appendix Table 13
Average deviations of first lactation Hoistein-sired crossbreds from the
weighted means of the parental breedsi/

Breed Group

No.
Obvns

Lbs Milk
D e v .2/' % Dev.

Lbs Fat
Dev.
7c Dev.

% Fat
Dev. 7c Dev.

Lbs FCM
D e v . 7c Dev.

l/2H(l/4S,1/4J)

23

186

2.3

27

8.2

.24

5.9

253

3.1

1/2H(1/4S,1/4H)

7

-297

-3.3

-38

—10.4

-.30

-7.3

-868

-9.8

18

778

9.0

25

7.2

-.08

-2.0

701

8.1

1/2H,1/4B,1/4J

3

1725

16.5

22

6.1

-.43

-11.1

1202

12.5

1/2H,1/4B,1/8H(1/16S,1/16J)

7

2130

18.8

55

14.0

-.20

-5.5

1709

16.4

1/2H,1/4B,1/4H

7

681

6.5

-4

-1.2

-.27

-7.6

155

1.7

1/2H,l/4B(l/8S,1/8J)

1

749

8.1

-32

-10.0

-.66

-17.4

-278

-3.4

66

634

7.1

18

5.3

-.07

-1.8

436

5.0

1/2H, 1/2J

All Holstein Crossbreds
1/

2/

These values were obtained by adding fractions of the weighted deviations of the crossbred from the
parental breeds which had been fractionated according to the parentage of the crossbred group.
(see
experimental procedure).
Chi-square values for individual breed groups and over-all breed groups were non-significant.

Appendix Table 14
Average deviation of first lactation Brown Swiss-sired crossbreds from the
weighted mean of the parental breeds.!^

Breed Group

No.
Obvns

1/2B, 1/2H

16

-357

1/2B, 1/2J

8

l/2B(l/4S,l/4J)

Lbs Milk
Dev.Z/ 7o Dev.

Lbs Fat
Dev.
% Dev.

Dev.

% Fat
% Dev..

-3.8

-14

-4.0

-.01

--

888

11.0

15

3.4

-.31

9

927

11.7

14

4.4

1/2B,l/4H(l/8S,1/8J)

19

976

10.6

28

1/2B,l/4H(l/8S,1/8H)

4

1448

14.4

1/2B, 1/4H, 1/4J

11

1810

All Swiss Crossbreds

67

806

Lbs FCM
Dev.
% Dev.
-312

-3.5

-6.8

608

6.3

-.33

-7.6

354

4.4

7.9

-.12

-3.0

727

9.1

10

2.8

-.49

-12.0

652

6.9

18.1

22

6.2

-.52

-12.7

1064

11.4

8.9

12

3.5

-.23

-5.7

466

5.3

1/

These values were obtained by adding fractions of the weighted deviations of the crossbreds
from the parental breeds which had been fractionated according to the parentage of the
crossbred group.
(see experimental procedure).

2,/

Chi-square values for individual breed groups and over-all breed groups were non-significant.

Appendix Table 15
Average deviations of first lactation daughters by crossbred sires from
the weighted means of the parental breeds!/

Breed Group.?/

No.
Obvns

Lbs! MilR
Dev.!/ % Dev.

Lb's^Fat
Dev.
% Dev.

% Fat
Dev.
% Dev.

Lbs FCM
Dev.
% Dev.

517, or more Large Breeds

19

-74

-1.0

-31

-9.6

-.35

-8.7

-615

50% or more Small Breeds

10

47

0.6

-24

-7.7

-.35

-8.4

-476

1

All Daughters of Crossbred Sires

29

-32

-0.04

-29

-9.1

-.35

-8.6

-568

-7.0

-7.5
4

These values were obtained by adding fractions of the weighted deviations of the crossbreds
from the parental breeds which had been fractionated according to the parentage of the cross
bred group,
(see experimental procedure).

2/

Holstein and Brown Swiss were treated as large breeds while Jersey and Red Sindhi were con
sidered small breeds.

3/

Chi-square values for individual breed groups and over-all breed groups were non-significant.

I— I

1/

■t>

(jl)
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Appendix Table 16
Analysis of variance for birth weight

Source

df

MS
- *JlJ

Breed Groups within
Year-seasons

20

367.08**

253

Residual
**

209.11

8

Among Year-seasons

149.97

F test significant at P ( 0.01 level.

Appendix Table 17
Analyses of variance for body weight at 6 and
12 months of age
6 Months
MS '
Source_________________________~'df~
Among Year-seasons
Breed Groups with
Year-seasons
Residual
**
N.S.

10
24
339

14862.23
7248.02**
2261.37

F test significant at P <C. 0.01 level.
F test not significant.

-

12 Months
df
MS_______
9
21
322

44153.67
8462.77 N.S.
5635.60
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Appendix Table 18
Analyses of variance for body weight at 18 and
24 months of age

Source

df

Among Year-seasons
Breed Groups within
Year-seasons
Residual
**

9

21
291

18 Months
MS
67024.60

23872.59**
5300.54

24 Months
MS

df
8

60253.37

20

34061.00**

253

9021.27

F test significant at P <C 0.01 level.

Appendix Table 19
Analyses of variance for body weight at 30 days post-partum,
and average body weight for first lactation
30 days post-partum
df
MS

Source
Among year-seasons
Breed Groups within
Year-seasons
Residual
**

8

17
180

79829.86

24896.70**
79612.40

F test significant at P <. 0.01 level.

Av. first lactation
df
MS
8

17
180

79691.28

35137.79**
8291.79
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Appendix Table 20
Analyses of variance for height at withers
at 6 and 12 months of age

Source

6 Months
df
MS

Among Year-seasons

10

866.78

Breed Groups within
Year-seasons

24

569.86**

339

Residual

187.99

**

F test significant at P < 0.01 level.

*

F test significant at P < 0.05 level.

12 Months
df
MS
9

603.34

21

319.37*
201.04

322

Appendix Table 21
Analyses of variance for height at withers
at 18 and 24 months of age
18 Months
df
MS

Source
Among Year-seasons

9

523.70

Breed Groups within
Year-seasons

' 21

685.89**

Residual

291

174.39

**

F test significant at P

0.01 level.

df
8

20
253

24 Months
MS
480.42

557.32**
143.55
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Appendix Table 22
Analyses of variance for length of withers to pinbones
at 6 and 12 months of age

Source

df

Among Year-seasons

10

Breed Grpups within
Year-seasons

24

Residual
**
N.S.

339

6 Months
MS
2482.80

892.83**
294.13

12 Months
df
MS
9

21
352

4907.03

6771.85 N.S.
10254.41

F test significant at P<( 0.01 level.
F test not significant.

Appendix Table 23
Analyses of variance for length of withers to pinbones
at 18 and 24 months of age
18 Months
df
MS

Source
Among Year-seasons
Breed Groups within
Year-seasons
Residual
**
N.S.

9

21
291

F test significant at P
F test not significant.

1713.20

393.57 N.S.
283.92
0.01 level.

24 Months
df
MS
8

20
253

2456.46

939.92**
266.81
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Appendix Table 24
Analyses of variance for length of withers to hipbones
at 6 and 12 months of age

Source

df

Among Year-seasons

10

Breed Groups within
Year-seasons

24

Residual
**
N.S.

339

6 Months
MS
1041.76

500.50**
207.27

df

12 Months
MS

9

21
322

771.66

238.42 N.S.
217.61

F test significant at P ^ 0.01 level.
F test not significant.

Appendix Table 25
Analyses of variance for length of withers to hipbones
at 18 and 24 months of age
18 Months
df
MS

Source
Among Year-seasons
Breed Groups within
Year-seasons
Residual
**

9

21
291

F test significant at P

436.90

387.51**
199.41
0.01 level.

24 Months
df
MS
8

20
253

723.47

528.27**
185.56
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Appendix Table 26
Analyses of variance for length of hipbones to pinbones
at 6 and 12 months of age

Source

df

Among Year-seasons

10

Breed Groups within
Year-seasons

24

Residual
**

339

6 Months
MS
1023.58

149.75**
59.14

12 Months
MS
df
9

21
322

2374.30

102.48 N.S.
83.37

p test significant at P ( 0.01 level.

N.S.

F test not significant.

Appendix Table 27
Analyses of variance for length of hipbone s to pinbones
at 18 and 24 months of age
18 Months
df
MS

Source
Among Year-seasons
Breed Groups within
Year-seasons
Residual
**
N.S.

9

21
291

1440.29

136.72 N.S.
113.33

F test significant at P ^.0.01 level.
F test not significant.

df
8

20
253

24 Months
MS
1467.39

196.26**
101.09
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Appendix Table 28
for depth of forechest
Analyses of variance :
at 6 and 12 months of age
6 Months
MS
df

Source
Among Year-seasons
Breed Groups within
Year-seasons
Residual
**

5

16
191

F test significant at P

1216.96

250.41**
108.89

12 Months
df
MS
4

13
195

1746.98

284.63**
114.01

0.01 level.

Appendix Table 29
Analyses of variance for depth of forechest
at 18 and 24 months of age
18 Months
df
MS

Source
Among Year-seasons
Breed Groups within
Year-seasons
Residual
**
*

5

15
179

667.68

192.54**
67.03

F test significant at P 4 0.01 level.
F test significant at P

0.05 level.

24 Months
df
MS
8

20
225

1355.88

164.17*
95.56
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Appendix Table 30
Analyses of variance for circumference of forechest
at 6 and 12 months of age

Source
Among Year-seasons
Breed Groups within
Year-seasons
Residual
**

6 Months
MS

df
5

16
191

2339.02

2171.44**
838.75

12 Months
df
MS
4

13
195

3218.72

2407.21**
843.29

F test significant at P<C 0.01 level.

Appendix Table 31
Analyses of variance for circumference of forechest
at 18 and 24 months of age

Source
Among Year-seasons
Breed Groups within
Year-seasons
Residual

18 Months
df
MS
5

15
179

2307.57

2242.75**
427.57

** F test significant at P <. 0.01 level.

24 Months
df
MS
8

20
225

2603.56

1217.50**
383.10
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Appendix Table 32
Analyses of variance for fertility traits. Days calving
to first estrus and days calving to first service
Days calving to
first service
df
MS

Source

Days c alving to
first estrus
df
MS

Among Year-seasons

15

8088.13

15

5651.70

Breed Groups within
Year-seasons

39

3443.03*

39

1885.20*

725

1247.64

Residual
*

2219.36

755

F test significant at P ^ 0.05 level.

Appendix Table 33
Analyses of variance for fertility traits.
Days open and services per conception

Source

Days open
df
MS

Among Year-seasons

15

Breed Groups within
Year-seasons

39

Residual
N.S.

675
F test not significant.

21308.86

Services per
Conception
df
MS
15

4.51

5711.89 N.S. 39

2.08 N.S.

4625.75

1.66

674
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Appendix Table 34
Analyses of variance for fertility traits.
Calving interval
and milk production during first 120 days of lactation

Source

Calving interval
df
MS

Production first 120
days of lactation
df
MS

Among Year-seasons

14

14

Breed Groups within
Year-seasons

37

Residual

556

15584.52

8055.00*
5074.92

**

F test significant at P ^ 0,01 level.

*

F test significant at P ( 0.05 level.

37
519

. 10279729.00

5982276.40**
1288124.30
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